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Improved DLL4 binding proteins are described, including
antibodies, CDR-grafted antibodies, human antibodies, and
DLL4 binding fragments thereof, proteins that bind DLL4
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DLL4 activity. The DLL4 binding proteins are useful for
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THERAPEUTIC DLL4 BINDING PROTEINS

REFERENCE TO RELATED APPLICATIONS

This application is a division of U.S. application Ser. No.
12/870,276 filed Aug. 27, 2010, which claims priority to U.S.
provisional application No. 61/238,152, filed Aug. 29, 2009,
and to U.S. provisional application No. 61/261,728, filed
Nov. 16, 2009. All of the aforementioned applications are
incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to the development and use of
improved DLL4 binding proteins and uses thereof in the
inhibition, prevention, and/or treatment of cancers, tumors,
and/or other angiogenesis-dependent diseases such as ocular
neovascularization, or angiogenesis-independent diseases
characterized by aberrant DLL4 expression or activity such as
autoimmune disorders.

BACKGROUND OF THE INVENTION

Cell-to-cell communication is required for many biologi-
cal processes such as differentiation, proliferation, and
homeostasis. One system utilized by a wide range of eukary-
otes is the Notch-signaling pathway. This pathway, especially
the Notch receptor, is also critical for functional tumor angio-
genesis. Thus, inhibition of Notch receptor function, block-
age of the Notch receptor, and/or blockage of the Notch-
signaling pathway are potential strategies for anti-cancer
compositions and therapies. Small molecule inhibitors of the
Notch receptor have proven to be toxic because they suppress
wild type (normal) tissue expression of Notch receptors
throughout the body. Thus, different members of the Notch-
signaling pathway should be considered as potential targets
for therapeutics.

A vasculature ligand for the Notch receptor is Delta 4 or
Delta-like 4 (DLL4). Largely expressed in the vasculature,
DLL4 is critical for vascular development (Yan et al., Clin.
Cancer Res., 13(24): 7243-7246 (2007); Shutter et al., Genes
Dev., 14(11): 1313-1318 (2000); Gale et al., Proc. Natl. Acad.
Sci. US4, 101(45): 15949-15954 (2004); Krebs et al., Genes
Dev., 14(11): 1343-1352 (2000)). Mice heterozygous for
DLIL4 are embryonically lethal due to major defects in vas-
cular development (Gale et al., Proc. Natl. Acad. Sci. US4,
101(45): 15949-15954 (2004); Duarte et al., Genes Dev.,
18(20): 2474-2478 (2004); Krebs et al., Genes Dev., 18(20):
2469-2473 (2004)). The expression of DLL4 can be induced
by VEGF (Liu et al., Mol. Cell Biol., 23(1): 14-25 (2003);
Lobov et al., Proc. Natl. Acad. Sci. USA, 104(9): 3219-3224
(2007)). In turn, DLL4 can negatively regulate VEGF signal-
ing, in part through repressing VEGFR2 and inducing
VEGR1 (Harrington et al., Microvasc. Res., 75(2): 144-154
(2008); Suchting et al., Proc. Natl. Acad. Sci. USA, 104(9):
3225-3230 (2007)). Exquisite coordination between DLL4
and VEGF is essential for functional angiogenesis.

In addition to its physiological role, DLL4 is up-regulated
in tumor blood vessels (Gale et al., Proc. Natl. Acad. Sci.
USA, 101(45): 15949-15954 (2004); Mailhos et al., Differen-
tiation, 69(2-3): 135-144 (2001); Patel et al., Cancer Res.,
65(19): 8690-8697 (2005); Patel et al., Clin. Cancer Res.,
12(16): 4836-4844 (2006); Noguera-Troise et al., Nature,
444(7122): 1032-1037 (2006)). Blockade of DLL4 potently
inhibited primary tumor growth in multiple models (Nogu-
era-Troise et al., Nature, 444(7122): 1032-1037 (2006);
Ridgway et al., Nature, 444(7122): 1083-1087 (2006); Sce-
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hnetetal., Blood, 109(11): 4753-4760 (2007)). The inhibition
of DLL4 was even effective against tumors that are resistant
to anti-VEGF therapy. The combinatorial inhibition of both
DLL4 and VEGF provided an enhanced anti-tumor activity.
Interestingly, unlike VEGF inhibition that reduces tumor ves-
sel formation, DLL4 blockade leads to an increase in tumor
vasculature density wherein the vessels are abnormal, cannot
support efficient blood transport, and are effectively nonfunc-
tional. Thus, DLL4 provides a potential target for cancer
treatment.

There is a need in the art for therapeutic agents capable of
targeting the DLL4-Notch pathway and thereby inhibiting, or
even preventing, tumor angiogenesis and growth.

SUMMARY OF THE INVENTION

The invention provides proteins that bind DLL4, including
antibodies, CDR-grafted antibodies, and binding fragments
thereof, that are capable of binding DII4. Preferably, a bind-
ing protein described herein binds DLL4 with high affinity.
More preferably, a binding protein according to the invention
is capable of neutralizing DLL4. The invention also provides
methods of making and using DI.L4 binding proteins, includ-
ing human DLL4 binding proteins. Advantageously, the
invention eliminates the need to prepare humanized DILL4
binding proteins; thereby, eliminating the complications
associated with humanized DLL4 binding proteins.

One aspect of this invention pertains to a binding protein
comprising an antigen binding domain capable of binding
human DLL4, said antigen binding domain comprising at
least one or more CDRs selected from the group consisting of:

(SEQ ID NO: 99)
CDR-H1: K- -X3-X4-Xs-Xg- X7,
wherein;

X,isSorN;
X, i8S, G, orN;
X;is S,N, T, G, orR;
X,18Y;
X5isY orH;
X 1s W3 and
X, is G;

CDR H2:

(SEQ ID NO: 100)
XI_X2_X3_X4_X5_X6_X7_XS_XQ_XIO_XII_Xl2_X13_
X14-Xi5-Xj60

wherein;
X, is D;
X,isT;
X;isY,N,orS;
X,18Y;
Xsis T,N,A, L S,orR;
X18 G
X,i8S,N, T, or G
Xgis T
X5 18Y;
Xi018Y;
X, 18 N;
X,,1s P;
X518 S;
X418 L
X,s1s K; and

X618 S, N, D, or G;
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residues 23-33 of SEQ ID NO:111 (CDR-L1); residues
(SEQ ID NO: 101) 49-55 of SEQ ID NO:111 (CDR-L2); residues 88-96 of
CDR-H3: K -X5-%3-Xy-X5-Xg-X7-X5-Xg-X9-X {4 SEQ 1D NO:111 (CDR-L3),
wherein; SEQID NO:117 (CDR-H1); SEQ ID NO:118 (CDR-H2);
X,isEY,F,Q W,L,orA; 5 SEQ ID NO:119 (CDR-H3); SEQ ID NO:121 (CDR-

H1); SEQ ID NO:122 (CDR-H2); SEQ ID NO:123
(CDR-H3); SEQ ID NO:125 (CDR-HI1); SEQ ID
NO:126 (CDR-H2); SEQ ID NO:127 (CDR-H3); SEQ
ID NO:129 (CDR-HI); SEQ ID NO:130 (CDR-H2);

X,i1sD,A,S,G,V,E,orN;
X;isV,M, L, P orA;
X,isLA, PR, S, K, Q,V,G, M, orE;

Xsis L, Y, F, or M; 10 SEQ ID NO:131 (CDR-H3); SEQ ID NO:133 (CDR-
XsisR, G, 8, Q, or A H1); SEQ ID NO:134 (CDR-H2); SEQ ID NO:135
X;is G (CDR-H3); SEQ ID NO:137 (CDR-H1); SEQ ID
Xgis G, A, or S; NO:138 (CDR-H2); SEQ ID NO:139 (CDR-H3); SEQ
X5188,A, L, V,R,or G; ID NO:141 (CDR-H1); SEQ ID NO:142 (CDR-H2);
X, is D; and 15 SEQ ID NO:143 (CDR-H3); SEQ ID NO:145 (CDR-
X, i8Y,D,S,N,H,E.R,L,P,C,, M. T, Q, or K; H1); SEQ ID NO:146 (CDR-H2); SEQ ID NO:147

(CDR-H3); SEQ ID NO:149 (CDR-HI1); SEQ ID
NO:150 (CDR-H2); SEQ ID NO:151 (CDR-H3); SEQ

COR-LL. s ID MO 102) ID NO:153 (CDR-HI); SEQ ID NO:154 (CDR-H2);

' 1R TR R R R R R0 R 20 SEQ ID NO:155 (CDR-H3); SEQ ID NO:157 (CDR-
wherein; H1); SEQ ID NO:158 (CDR-H2); SEQ ID NO:159
X, isS; (CDR-H3); SEQ ID NO:161 (CDR-HI1); SEQ ID
X, is G; NO:162 (CDR-H2); SEQ ID NO:163 (CDR-H3); SEQ
X, is Q, E, or D; ID NO:165 (CDR-H1); SEQ ID NO:166 (CDR-H2);
X,isR.S.G, M,K, L, orT: 25 SEQ ID NO:167 (CDR-H3); SEQ ID NO:169 (CDR-
X isLe H1); SEQ ID NO:170 (CDR-H2); SEQ ID NO:171
X is G (CDR-H3); SEQ ID NO:173 (CDR-HI1); SEQ ID
X is D or E: NO:174 (CDR-H2); SEQ ID NO:175 (CDR-H3); SEQ
ik ID NO:177 (CDR-HI); SEQ ID NO:178 (CDR-H2);
8185 30 SEQ ID NO:179 (CDR-H3); SEQ ID NO:181 (CDR-
XoisY; H1); SEQ ID NO:182 (CDR-H2); SEQ ID NO:183
Xiois AorV;and (CDR-H3); SEQ ID NO:185 (CDR-H1); SEQ ID
X s S; NO:186 (CDR-H2); SEQ ID NO:187 (CDR-H3); SEQ

ID NO:189 (CDR-HI); SEQ ID NO:190 (CDR-H2);

(550 1 10+ 103) 3 SEQ ID NO:191 (CDR-H3); SEQ ID NO:193 (CDR-

CDR-L2: KXy Ky Ky Ko be X, H1); SEQ ID NO:194 (CDR-H2); SEQ ID NO:195

. (CDR-H3); SEQ ID NO:197 (CDR-HI1); SEQ ID
wherein; NO:198 (CDR-H2); SEQ ID NO:199 (CDR-H3); SEQ
X,isEorQ; ID NO:201 (CDR-HI); SEQ ID NO:202 (CDR-H2);
X, is D; 40 SEQ ID N0:203 (CDR-H3); SEQ ID NO:205 (CDR-
X,isS,L, T,A,E, or F; H1); SEQ ID N0:206 (CDR-H2); SEQ ID NO:207
X,isK, TLEN,Q S, or M; (CDR-H3); SEQ ID N0:209 (CDR-HI); SEQ ID
X, isR; NO:210 (CDR-H2); SEQ ID NO:211 (CDR-H3); SEQ
X, is P and ID NO:213 (CDR-HI); SEQ ID NO:214 (CDR-H2);
X,isS; 45 SEQ ID NO:215 (CDR-H3); SEQ ID NO:217 (CDR-
and L1); SEQ ID NO:218 (CDR-L2); SEQ ID NO:219

(CDR-L3); SEQ ID NO:221 (CDR-L1); SEQ ID
NO:222 (CDR-L2); SEQ ID NO:223 (CDR-L3); SEQ

CDRL3. xl—xz—x3—x4—x5—xS>E<?—xI£xlj?' 104) ID NO:225 (CDR-L1); SEQ ID NO:226 (CDR-L2);

50 SEQ ID NO:227 (CDR-L3); SEQ ID NO:229 (CDR-

wherein; L1); SEQ ID NO:230 (CDR-L2); SEQ ID NO:231
X, is Q; (CDR-L3); SEQ ID NO:233 (CDR-L1); SEQ ID
X,is A, NO:234 (CDR-L2); SEQ ID NO:235 (CDR-L3); SEQ
X, is W, ID NO:237 (CDR-L1); SEQ ID NO:238 (CDR-L2);
X,is D; 55 SEQ ID NO:239 (CDR-L3); SEQ ID NO:241 (CDR-
X;isR,S,M,E,N, G, orK; L1); SEQ ID NO:242 (CDR-L2); SEQ ID NO:243
XsisDorE; (CDR-L3); SEQ ID NO:245 (CDR-L1); SEQ ID
X, 8T, V, A, S,or M; NO:246 (CDR-L2); SEQ ID NO:247 (CDR-L3); SEQ
Xgis G, A, or C; and ID NO:249 (CDR-L1); SEQ ID NO:250 (CDR-L2);
Xois V. 60 SEQ ID NO:251 (CDR-L3); SEQ ID NO:253 (CDR-
Preferably, the antigen binding domain of a DLL4 binding L1); SEQ ID NO:254 (CDR-L2); SEQ ID NO:255
protein of the invention comprises at least one CDR compris- (CDR-L3); SEQ ID NO:257 (CDR-L1); SEQ ID
ing an amino acid sequence selected from the group consist- NO:258 (CDR-L2); SEQ ID NO:259 (CDR-L3); SEQ
ing of: ID NO:261 (CDR-L1); SEQ ID NO:262 (CDR-L2);
residues 31-37 of SEQIDNO:1 (CDR-H1); residues 52-67 65 SEQ ID NO:263 (CDR-L3); SEQ ID NO:265 (CDR-
of SEQ ID NO:1 (CDR-H2); residues 100-110 of SEQ L1); SEQ ID NO:266 (CDR-L2); SEQ ID NO:267

ID NO:1 (CDR-H3); (CDR-L3); SEQ ID NO:269 (CDR-L1); SEQ ID
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NO:270 (CDR-L2); SEQ ID NO:271 (CDR-L3); SEQ
ID NO:273 (CDR-L1); SEQ ID NO:274 (CDR-L2);
SEQ ID NO:275 (CDR-L3); SEQ ID NO:277 (CDR-
L1); SEQ ID NO:278 (CDR-L2); SEQ ID NO:279
(CDR-L3); SEQ ID NO:281 (CDR-L1); SEQ ID
NO:282 (CDR-L2); SEQ ID NO:283 (CDR-L3); SEQ
ID NO:285 (CDR-L1); SEQ ID NO:286 (CDR-L2);
SEQ ID NO:287 (CDR-L3); SEQ ID NO:289 (CDR-
L1); SEQ ID NO:290 (CDR-L2); SEQ ID NO:291
(CDR-L3); SEQ ID NO:293 (CDR-L1); SEQ ID
NO:294 (CDR-L2); SEQ ID NO:295 (CDR-L3); SEQ
ID NO:297 (CDR-L1); SEQ ID NO:298 (CDR-L2);
SEQ ID NO:299 (CDR-L3); SEQ ID NO:301 (CDR-
L1); SEQ ID NO:302 (CDR-L2); SEQ ID NO:303
(CDR-L3); SEQ ID NO:305 (CDR-L1); SEQ ID
NO:306 (CDR-L2); SEQ ID NO:307 (CDR-L3); SEQ
ID NO:309 (CDR-L1); SEQ ID NO:310 (CDR-L2);
SEQ ID NO:311 (CDR-L3); SEQ ID NO:313 (CDR-
L1); SEQ ID NO:314 (CDR-L2); SEQ ID NO:315
(CDR-L3);

residues 31-37 of SEQ ID NO:334 (CDR-H1); residues
52-67 of SEQ ID NO:334 (CDR-H2); residues 100-110
of SEQ ID NO:334 (CDR-H3);

residues 23-33 of SEQ ID NO:335 (CDR-L1); residues
49-55 of SEQ ID NO:335 (CDR-L2); residues 88-96 of
SEQ ID NO:335 (CDR-L3);

residues 31-37 of SEQ ID NO:336 (CDR-H1); residues
52-67 of SEQ ID NO:336 (CDR-H2); residues 100-110
of SEQ ID NO:336 (CDR-H3);

residues 23-33 of SEQ ID NO:337 (CDR-L1); residues
49-55 of SEQ ID NO:337 (CDR-L2); residues 88-96 of
SEQ ID NO:337 (CDR-L3);

residues 31-37 of SEQ ID NO:338 (CDR-H1); residues
52-67 of SEQ ID NO:338 (CDR-H2); residues 100-110
of SEQ ID NO:338 (CDR-H3);

residues 23-33 of SEQ ID NO:339 (CDR-L1); residues
49-55 of SEQ ID NO:339 (CDR-L2); residues 88-96 of
SEQ ID NO:339 (CDR-L3);

residues 31-37 of SEQ ID NO:340 (CDR-H1); residues
52-67 of SEQ ID NO:340 (CDR-H2); residues 100-110
of SEQ ID NO:340 (CDR-H3);

residues 23-33 of SEQ ID NO:341 (CDR-L1); residues
49-55 of SEQ ID NO:341 (CDR-L2); residues 88-96 of
SEQ ID NO:341 (CDR-L3);

residues 31-37 of SEQ ID NO:342 (CDR-H1); residues
52-67 of SEQ ID NO:342 (CDR-H2); residues 100-110
of SEQ ID NO:342 (CDR-H3);

residues 23-33 of SEQ ID NO:343 (CDR-L1); residues
49-55 of SEQ ID NO:343 (CDR-L2); residues 88-96 of
SEQ ID NO:343 (CDR-L3);

residues 31-37 of SEQ ID NO:344 (CDR-H1); residues
52-67 of SEQ ID NO:344 (CDR-H2); residues 100-110
of SEQ ID NO:344 (CDR-H3);

residues 24-34 of SEQ ID NO:345 (CDR-L1); residues
50-56 of SEQ ID NO:345 (CDR-L2); residues 89-97 of
SEQ ID NO:345 (CDR-L3);

residues 31-37 of SEQ ID NO:346 (CDR-H1); residues
52-67 of SEQ ID NO:346 (CDR-H2); residues 100-110
of SEQ ID NO:346 (CDR-H3);,

residues 23-33 of SEQ ID NO:347 (CDR-L1); residues
49-55 of SEQ ID NO:347 (CDR-L2); residues 88-96 of
SEQ ID NO:347 (CDR-L3);

residues 31-37 of SEQ ID NO:348 (CDR-H1); residues
52-67 of SEQ ID NO:348 (CDR-H2); residues 100-110
of SEQ ID NO:348 (CDR-H3);

30

45

55

6

residues 24-34 of SEQ ID NO:349 (CDR-L1); residues
50-56 of SEQ ID NO:349 (CDR-L2); residues 89-97 of
SEQ ID NO:349 (CDR-L3);

residues 31-37 of SEQ ID NO:350 (CDR-H1); residues
52-67 of SEQ ID NO:350 (CDR-H2); residues 100-110
of SEQ ID NO:350 (CDR-H3);
residues 24-34 of SEQ ID NO:351 (CDR-L1); residues
50-56 of SEQ ID NO:351 (CDR-L2); residues 89-97 of
SEQ ID NO:351 (CDR-L3);

residues 31-37 of SEQ ID NO:352 (CDR-H1); residues
52-67 of SEQ ID NO:352 (CDR-H2); residues 100-110
of SEQ ID NO:352 (CDR-H3);
residues 24-34 of SEQ ID NO:353 (CDR-L1); residues
50-56 of SEQ ID NO:353 (CDR-L2); residues 89-97 of
SEQ ID NO:353 (CDR-L3);

residues 31-37 of SEQ ID NO:354 (CDR-H1); residues
52-67 of SEQ ID NO:354 (CDR-H2); residues 100-110
of SEQ ID NO:354 (CDR-H3);
residues 24-34 of SEQ ID NO:355 (CDR-L1); residues
50-56 of SEQ ID NO:355 (CDR-L2); residues 89-97 of
SEQ ID NO:355 (CDR-L3);

residues 31-37 of SEQ ID NO:356 (CDR-H1); residues
52-67 of SEQ ID NO:356 (CDR-H2); residues 100-110
of SEQ ID NO:356 (CDR-H3);
residues 23-33 of SEQ ID NO:357 (CDR-L1); residues
49-55 of SEQ ID NO:357 (CDR-L2); residues 88-96 of
SEQ ID NO:357 (CDR-L3);

residues 31-37 of SEQ ID NO:358 (CDR-H1); residues
52-67 of SEQ ID NO:358 (CDR-H2); residues 100-110
of SEQ ID NO:358 (CDR-H3);
residues 23-33 of SEQ ID NO:359 (CDR-L1); residues
49-55 of SEQ ID NO:359 (CDR-L2); residues 88-96 of
SEQ ID NO:359 (CDR-L3);

residues 31-37 of SEQ ID NO:360 (CDR-H1); residues
52-67 of SEQ ID NO:360 (CDR-H2); residues 100-110
of SEQ ID NO:360 (CDR-H3);

residues 23-33 of SEQ ID NO:361 (CDR-L1); residues

49-55 of SEQ ID NO:361 (CDR-L2); residues 88-96 of
SEQ ID NO:361 (CDR-L3).

In another embodiment, the binding protein comprises at
least 3 CDRs disclosed above.

Preferably, a DLL4 binding protein according to the inven-
tion comprises one or more CDRs disclosed above. More
preferably, the binding protein comprises three or more CDRs
disclosed above. Most preferably, a DLL4 binding protein
according to the invention comprises six CDRs described
above, i.e., a CDR-HI1, a CDR-H2, a CDR-H3, a CDR-L1, a
CDR-L2, and a CDR-L3 described above.

In a preferred embodiment, the binding protein comprises
at least 3 CDRs selected from the group consisting of the
sequences disclosed above.

More preferably, the binding protein comprises 3 CDRs
selected from a set of variable domain CDRs selected from
the group below.

VH E9 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:1

CDR-H2: residues 52-67 of SEQ ID NO:1

CDR-H3 residues 100-110 of SEQ ID NO:1

VL E9 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:111

CDR-L2: residues 49-55 of SEQ ID NO:111

CDR-L3: residues 88-96 of SEQ ID NO:111

VH E9.4 CDR Set

CDR-HI1: SEQ ID NO:117

CDR-H2: SEQ ID NO:118

CDR-H3: SEQ ID NO:119
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VL E9.4 CDR Set
CDR-L1: SEQ ID NO:229
CDR-L2: SEQ ID NO:230
CDR-L3: SEQ ID NO:231
VH E9.11 CDR Set
CDR-H1: SEQ ID NO:121
CDR-H2: SEQ ID NO:122
CDR-H3: SEQ ID NO:123
VL E9.11 CDR Set
CDR-L1: SEQ ID NO:233
CDR-L2: SEQ ID NO:234
CDR-L3: SEQ ID NO:235
VH E9.14 CDR Set
CDR-H1: SEQ ID NO:125
CDR-H2: SEQ ID NO:126
CDR-H3: SEQ ID NO:127
VL E9.14 CDR Set
CDR-L1: SEQ ID NO:237
CDR-L2: SEQ ID NO:238
CDR-L3: SEQ ID NO:239
VH E9.17 CDR Set
CDR-H1: SEQ ID NO:129
CDR-H2: SEQ ID NO:130
CDR-H3: SEQ ID NO:131
VL E9.17 CDR Set
CDR-L1: SEQ ID NO:241
CDR-L2: SEQ ID NO:242
CDR-L3: SEQ ID NO:243
VH E9.18 CDR Set
CDR-H1: SEQ ID NO:133
CDR-H2: SEQ ID NO:134
CDR-H3: SEQ ID NO:135
VL E9.18 CDR Set
CDR-L1: SEQ ID NO:245
CDR-L2: SEQ ID NO:246
CDR-L3: SEQ ID NO:247
VH E9.19 CDR Set
CDR-H1: SEQ ID NO:137
CDR-H2: SEQ ID NO:138
CDR-H3: SEQ ID NO:139
VL E9.19 CDR Set
CDR-L1: SEQ ID NO:249
CDR-L2: SEQ ID NO:250
CDR-L3: SEQ ID NO:251
VH E9.22 CDR Set
CDR-H1: SEQ ID NO:141
CDR-H2: SEQ ID NO:142
CDR-H3: SEQ ID NO:143
VL E9.22 CDR Set
CDR-L1: SEQ ID NO:253
CDR-L2: SEQ ID NO:254
CDR-L3: SEQ ID NO:255
VH E9.48 CDR Set
CDR-H1: SEQ ID NO:145
CDR-H2: SEQ ID NO:146
CDR-H3: SEQ ID NO:147
VL E9.48 CDR Set
CDR-L1: SEQ ID NO:257
CDR-L2: SEQ ID NO:258
CDR-L3: SEQ ID NO:259
VH E9.65 CDR Set
CDR-H1: SEQ ID NO:149
CDR-H2: SEQ ID NO:150
CDR-H3: SEQ ID NO:151
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VL E9.65 CDR Set
CDR-L1: SEQ ID NO:261
CDR-L2: SEQ ID NO:262
CDR-L3: SEQ ID NO:263
VH E9.66 CDR Set
CDR-H1: SEQ ID NO:153
CDR-H2: SEQ ID NO:154
CDR-H3: SEQ ID NO:155
VL E9.66 CDR Set
CDR-L1: SEQ ID NO:265
CDR-L2: SEQ ID NO:266
CDR-L3: SEQ ID NO:267
VH E9.71 CDR Set
CDR-H1: SEQ ID NO:157
CDR-H2: SEQ ID NO:158
CDR-H3: SEQ ID NO:159
VL E9.71 CDR Set
CDR-L1: SEQ ID NO:269
CDR-L2: SEQ ID NO:270
CDR-L3: SEQ ID NO:271
VH E9.13 CDR Set
CDR-H1: SEQ ID NO:161
CDR-H2: SEQ ID NO:162
CDR-H3: SEQ ID NO:163
VL E9.13 CDR Set
CDR-L1: SEQ ID NO:217
CDR-L2: SEQ ID NO:218
CDR-L3: SEQ ID NO:219
VH E9.16 CDR Set
CDR-H1: SEQ ID NO:165
CDR-H2: SEQ ID NO:166
CDR-H3: SEQ ID NO:167
VL E9.16 CDR Set
CDR-L1: SEQ ID NO:221
CDR-L2: SEQ ID NO:222
CDR-L3: SEQ ID NO:223
VH E9.38 CDR Set
CDR-H1: SEQ ID NO:169
CDR-H2: SEQ ID NO:170
CDR-H3: SEQ ID NO:171
VL E9.38 CDR Set
CDR-L1: SEQ ID NO:225
CDR-L2: SEQ ID NO:226
CDR-L3: SEQ ID NO:227
VH E9.2B CDR Set
CDR-H1: SEQ ID NO:173
CDR-H2: SEQ ID NO:174
CDR-H3: SEQ ID NO:175
VL E9.2B CDR Set
CDR-L1: SEQ ID NO:273
CDR-L2: SEQ ID NO:274
CDR-L3: SEQ ID NO:275
VH E9.1F CDR Set
CDR-H1: SEQ ID NO:177
CDR-H2: SEQ ID NO:178
CDR-H3: SEQ ID NO:179
VL E9.1F CDR Set
CDR-L1: SEQ ID NO:277
CDR-L2: SEQ ID NO:278
CDR-L3: SEQ ID NO:279
VH E9.10H CDR Set
CDR-H1: SEQ ID NO:181
CDR-H2: SEQ ID NO:182
CDR-H3: SEQ ID NO:183
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VL E9.10H CDR Set
CDR-L1: SEQ ID NO:301
CDR-L2: SEQ ID NO:302
CDR-L3: SEQ ID NO:303
VH E9.5E CDR Set
CDR-H1: SEQ ID NO:185
CDR-H2: SEQ ID NO:186
CDR-H3: SEQ ID NO:187
VL E9.5E CDR Set
CDR-L1: SEQ ID NO:293
CDR-L2: SEQ ID NO:294
CDR-L3: SEQ ID NO:295
VH E9.10C CDR Set
CDR-H1: SEQ ID NO:189
CDR-H2: SEQ ID NO:190
CDR-H3: SEQ ID NO:191
VL E9.10C CDR Set
CDR-L1: SEQ ID NO:281
CDR-L2: SEQ ID NO:282
CDR-L3: SEQ ID NO:283
VH E9.7E CDR Set
CDR-H1: SEQ ID NO:193
CDR-H2: SEQ ID NO:194
CDR-H3: SEQ ID NO:195
VL E9.7E CDR Set
CDR-L1: SEQ ID NO:289
CDR-L2: SEQ ID NO:290
CDR-L3: SEQ ID NO:291
VH E9.12B CDR Set
CDR-H1: SEQ ID NO:197
CDR-H2: SEQ ID NO:198
CDR-H3: SEQ ID NO:199
VL E9.12B CDR Set
CDR-L1: SEQ ID NO:297
CDR-L2: SEQ ID NO:298
CDR-L3: SEQ ID NO:299
VH E9.10E CDR Set
CDR-H1: SEQ ID NO:201
CDR-H2: SEQ ID NO:202
CDR-H3: SEQ ID NO:203
VL E9.10E CDR Set
CDR-L1: SEQ ID NO:285
CDR-L2: SEQ ID NO:286
CDR-L3: SEQ ID NO:287
VH E9.6A CDR Set
CDR-H1: SEQ ID NO:205
CDR-H2: SEQ ID NO:206
CDR-H3: SEQ ID NO:207
VL E9.6A CDR Set
CDR-L1: SEQ ID NO:305
CDR-L2: SEQ ID NO:306
CDR-L3: SEQ ID NO:307
VH E9.7A CDR Set
CDR-H1: SEQ ID NO:209
CDR-H2: SEQ ID NO:210
CDR-H3: SEQ ID NO:211
VL E9.7A CDR Set
CDR-L1: SEQ ID NO:309
CDR-L2: SEQ ID NO:310
CDR-L3: SEQ ID NO:311
VH E9.8H CDR Set
CDR-H1: SEQ ID NO:213
CDR-H2: SEQ ID NO:214
CDR-H3: SEQ ID NO:215
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VL E9.8H CDR Set
CDR-L1: SEQ ID NO:313
CDR-L2: SEQ ID NO:314
CDR-L3: SEQ ID NO:315
VH E9.1 CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:334
CDR-H2: residues 52-67 of SEQ 1D NO:334
CDR-H3: residues 100-110 of SEQ 1D NO:334
VL E9.1 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:335
CDR-L2: residues 49-55 of SEQ ID NO:335
CDR-L3: residues 88-96 of SEQ ID NO:335
VH E9-SE1 CDR Set
CDR-H1: residues 31-37 of SEQ ID NO:336
CDR-H2: residues 52-67 of SEQ 1D NO:336
CDR-H3: residues 100-110 of SEQ ID NO:336
VL E9-SE1 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:337
CDR-L2: residues 49-55 of SEQ ID NO:337
CDR-L3: residues 88-96 of SEQ ID NO:337
VH E9-SE2 CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:338
CDR-H2: residues 52-67 of SEQ 1D NO:338
CDR-H3: residues 100-110 of SEQ 1D NO:338
VL E9-SE2 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:339
CDR-L2: residues 49-55 of SEQ ID NO:339
CDR-L3: residues 88-96 of SEQ ID NO:339
VH E9-SE3 CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:340
CDR-H2: residues 52-67 of SEQ 1D NO:340
CDR-H3: residues 100-110 of SEQ ID NO:340
VL E9-SE3 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:341
CDR-L2: residues 49-55 of SEQ ID NO:341
CDR-L3: residues 88-96 of SEQ ID NO:341
VH E9-SE4 CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:342
CDR-H2: residues 52-67 of SEQ 1D NO:342
CDR-H3: residues 100-110 of SEQ 1D NO:342
VL E9-SE4 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:343
CDR-L2: residues 49-55 of SEQ 1D NO:343
CDR-L3: residues 88-96 of SEQ ID NO:343
VH E9-SES CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:344
CDR-H2: residues 52-67 of SEQ 1D NO:344
CDR-H3: residues 100-110 of SEQ 1D NO:344
VL E9-SES5 CDR Set
CDR-L1: residues 24-34 of SEQ ID NO:345
CDR-L2: residues 50-56 of SEQ ID NO:345
CDR-L3: residues 89-97 of SEQ ID NO:345
VH E9-SE6 CDR Set
CDR-H1: residues 31-37 of SEQ ID NO:346
CDR-H2: residues 52-67 of SEQ 1D NO:346
CDR-H3: residues 100-110 of SEQ 1D NO:346
VL E9-SE6 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:347
CDR-L2: residues 49-55 of SEQ 1D NO:347
CDR-L3: residues 88-96 of SEQ ID NO:347
VH E9-SE7 CDR Set
CDR-H1: residues 31-37 of SEQ 1D NO:348
CDR-H2: residues 52-67 of SEQ 1D NO:348
CDR-H3: residues 100-110 of SEQ 1D NO:348
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VL E9-SE7 CDR Set

CDR-L1: residues 24-34 of SEQ ID NO:349

CDR-L2: residues 50-56 of SEQ ID NO:349

CDR-L3: residues 89-97 of SEQ ID NO:349

VH E9-SE8 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:350

CDR-H2: residues 52-67 of SEQ ID NO:350

CDR-H3: residues 100-110 of SEQ ID NO:350

VL E9-SE8 CDR Set

CDR-L1: residues 24-34 of SEQ ID NO:351

CDR-L2: residues 50-56 of SEQ ID NO:351

CDR-L3: residues 89-97 of SEQ ID NO:351

VH E9-FR1 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:352

CDR-H2: residues 52-67 of SEQ 1D NO:352

CDR-H3: residues 100-110 of SEQ ID NO:352

VL E9-FR1 CDR Set

CDR-L1: residues 24-34 of SEQ ID NO:353

CDR-L2: residues 50-56 of SEQ ID NO:353

CDR-L3: residues 89-97 of SEQ ID NO:353

VH E9-FR2 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:354

CDR-H2: residues 52-67 of SEQ ID NO:354

CDR-H3: residues 100-110 of SEQ ID NO:354

VL E9-FR2 CDR Set

CDR-L1: residues 24-34 of SEQ ID NO:355

CDR-L2: residues 50-56 of SEQ ID NO:355

CDR-L3: residues 89-97 of SEQ ID NO:355

VH E9.71 CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:356

CDR-H2: residues 52-67 of SEQ ID NO:356

CDR-H3: residues 100-110 of SEQ ID NO:356

VL E9.71 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:357

CDR-L2: residues 49-55 of SEQ ID NO:357

CDR-L3: residues 88-96 of SEQ ID NO:357

VH E9.71(M) CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:358

CDR-H2: residues 52-67 of SEQ ID NO:358

CDR-H3: residues 100-110 of SEQ ID NO:358

VL E9.71(M) CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:359

CDR-L2: residues 49-55 of SEQ ID NO:359

CDR-L3: residues 88-96 of SEQ ID NO:359

VH E9.71(L) CDR Set

CDR-H1: residues 31-37 of SEQ ID NO:360

CDR-H2: residues 52-67 of SEQ 1D NO:360

CDR-H3: residues 100-110 of SEQ ID NO:360

VL E9.71(L) CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:361

CDR-L2: residues 49-55 of SEQ ID NO:361

CDR-L3: residues 88-96 of SEQ ID NO:361

In another embodiment, a binding protein comprises a
variable heavy chain (VH) set of 3 CDRs selected from any
VH set of 3 CDRs in the group above and a variable light
chain (VL) setof 3 CDRS selected from any VL set of 3 CDRs
in the group above.

In still another embodiment a binding protein comprises a
named VH set of 3 CDRs and a correspondingly named VL,
set of 3 CDRs from the group below. Preferably, a binding
protein according to the invention comprises at least two
variable domain CDR sets selected from the group of variable
domain CDR sets consisting of:

VH E9 CDR Set and VL E9 CDR Set,

VH E9.4 CDR Set and VL. E9.4 CDR Set,

VHE9.11 CDR Set and VL E9.11 CDR Set,

VH E9.14 CDR Set and VL E9.14 CDR Set,
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VH E9.17 CDR Set and VL E9.17 CDR Set,

VH E9.18 CDR Set and VL E9.18 CDR Set,

VH E9.19 CDR Set and VL E9.19 CDR Set,

VH E9.22 CDR Set and VL E9.22 CDR Set,

VH E9.48 CDR Set and VL E9.48 CDR Set,

VH E9.65 CDR Set and VL E9.65 CDR Set,

VH E9.66 CDR Set and VL E9.66 CDR Set,

VH E9.71 CDR Set and VL E9.71 CDR Set,

VH E9.13 CDR Set and VL E9.13 CDR Set,

VH E9.16 CDR Set and VL E9.16 CDR Set,

VH E9.38 CDR Set and VL E9.38 CDR Set,

VH E9.2B CDR Set and VL. E9.2B CDR Set,

VH E9.1F CDR Set and VL E9.1F CDR Set,

VH E9.10H CDR Set and VL E9.10H CDR Set,

VH E9.5E CDR Set and VL E9.5E CDR Set,

VH E9.10C CDR Set and VL. E9.10C CDR Set,

VH E9.7E CDR Set and VL E9.7E CDR Set,

VH E9.12B CDR Set and VL. E9.12B CDR Set,

VH E9.10E CDR Set and VL, E9.10E CDR Set,

VH E9.6A CDR Set and VL. E9.6A CDR Set,

VH E9.7A CDR Set and VL. E9.7A CDR Set,

VH E9.8H CDR Set and VL. E9.8H CDR Set,

VH E9-SE1 CDR Set and VL E9-SE1 CDR Set,

VH E9-SE2 CDR Set and VL, E9-SE2 CDR Set,

VH E9-SE3 CDR Set and VL, E9-SE3 CDR Set,

VH E9-SE4 CDR Set and VL E9-SE4 CDR Set,

VH E9-SES CDR Set and VL E9-SE5 CDR Set,

VH E9-SE6 CDR Set and VL. E9-SE6 CDR Set,

VH E9-SE7 CDR Set and VL. E9-SE7 CDR Set,

VH E9-SE8 CDR Set and VL. E9-SE8 CDR Set,

VH E9-FR1 CDR Set and VL E9-FR1 CDR Set,

VH E9-FR2 CDR Set and VL, E9-FR2 CDR Set,

VH E9.71 CDR Set and VL E9.71 CDR Set,

VH E9.71(M) CDR Set and VL E9.71(M) CDR Set, and

VH E9.71(L) CDR Set and VL E9.71(L) CDR Set.

In yet another embodiment, a binding protein described
above further comprises a human acceptor framework. Pref-
erably, the human acceptor framework comprises an amino
acid sequence selected from the group consisting of:

heavy chain acceptor framework sequences SEQ ID NOS:

6-22,

heavy chain acceptor sequences SEQ ID NOS:35-62,

light chain acceptor sequences SEQ ID NOS:23-34, and

light chain acceptor sequences SEQ ID NOS:63-98.

In another embodiment a binding protein described above
comprises a human acceptor framework, which comprises at
least one framework region amino acid substitution, wherein
the amino acid sequence of the framework is at least 65%
identical to the sequence of said human acceptor framework
and comprising at least 70 amino acid residues identical to
said human acceptor framework.

In another embodiment a binding protein described herein
comprises a human acceptor framework that comprises at
least one framework region amino acid substitution at a key
residue, said key residue selected from the group consisting
of:

a residue adjacent to a CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with human DLL4

a canonical residue;

a contact residue between heavy chain variable region and

light chain variable region;

a residue within a Vernier zone; and

a residue in a region that overlaps between a Chothia-

defined variable heavy chain CDR1 and a Kabat-defined
first heavy chain framework.
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Preferably, the key residue is selected from the group consist-
ing of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37H, 39H,
44H, 45H, 47H, 48H, 49H, 50H, 51H, 58H, 59H, 60H, 63H,
67H, 69H, 71H, 73H, 76H, 78H, 91H, 93H, 94H, 2L, 4L, 25L,
29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 46L, 47L, 48L,
49L,55L,58L, 621, 64L,71L,87L,89L,90L, 91L, 94L, 95L.

In another embodiment, a binding protein described herein
comprises a consensus human variable domain.

In a preferred embodiment, a binding protein described
above comprises at least one variable domain having amino
acid sequence selected from the group consisting of:
SEQIDNOS:1, 111,116,228, 120, 232, 124, 236, 128, 240,
132, 244, 136, 248, 140, 252, 144, 256, 148, 260, 152, 264,
156, 268, 160, 216, 164, 220, 168, 224, 172, 272, 176, 276,
180, 300, 184, 292, 188, 280, 192, 288, 196, 296, 200, 284,
204, 304, 208, 308, 212, 312, 334, 335, 336, 337, 338, 339,
340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351,
352,353,354, 355,356,357, 358, 359, 360, and 361.

In another embodiment, a binding protein according to the
invention comprises two variable domains, wherein said two
variable domains have amino acid sequences selected from
the group consisting of: SEQ ID NOS:1 and 111, SEQ ID
NOS:116 and 228, SEQ ID NOS:120 and 232, SEQ ID NOS:
124 and 236, SEQ ID NOS:128 and 240, SEQ ID NOS:132
and 244, SEQ ID NOS:136 and 248, SEQ ID NOS:140 and
252, SEQ ID NOS:144 and 256, SEQ ID NOS:148 and 260,
SEQ ID NOS:152 and 264, SEQ ID NOS:156 and 268, SEQ
ID NOS: 160 and 216, SEQ ID NOS: 164 and 220, SEQ ID
NOS:168 and 224, SEQ ID NOS:172 and 272, SEQ ID NOS:
176 and 276, SEQ ID NOS:180 and 300, SEQ ID NOS:184
and 292, SEQ ID NOS:188 and 280, SEQ ID NOS:192 and
288, SEQ ID NOS:196 and 296, SEQ ID NOS:200 and 284,
SEQ ID NOS:204 and 304, SEQ ID NOS:208 and 308, SEQ
ID NOS:212 and 312, SEQ ID NOS:334 and 335, SEQ ID
NOS:336 and 337, SEQ ID NOS:338 and 339, SEQ ID NOS:
340 and 341, SEQ ID NOS:342 and 343, SEQ ID NOS:344
and 345, SEQ ID NOS:346 and 347, SEQ ID NOS:348 and
349, SEQ ID NOS:350 and 351, SEQ ID NOS:352 and 353,
SEQ ID NOS:354 and 355, SEQ ID NOS:356 and 357, SEQ
ID NOS:358 and 359, SEQ ID NOS:360 and 361.

In an embodiment, a binding protein according to the

invention comprises heavy chain variable domain (V,), pref-
erably wherein the V, comprises an amino acid sequence
selected from the group consisting of:
SEQID NOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148,
152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196,
200, 204, 208, 212, 334, 336, 338, 340, 342, 344, 346, 348,
350, 352, 354, 356, 358, and 360.

In yet another embodiment, a binding protein according to

the invention comprises a light chain variable domain (a V),
preferably wherein the V, comprises an amino acid sequence
selected from the group consisting of:
SEQ ID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256,
260, 264, 268, 216, 220, 224, 272, 276, 300, 292, 280, 288,
296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,
349, 351, 353, 355,357,359, and 361.

In a preferred embodiment, a binding protein according to
the invention comprises aVand aV,, preferably wherein V,,
and a V; are any of those sequences disclosed above.

In another embodiment, the invention provides a binding
protein capable of binding human DLI.-4, said binding pro-
tein comprising:

an Ig constant heavy region having an amino acid sequence
selected from the group consisting of SEQ ID NO:2 and SEQ
ID NO:3;
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an Ig constant light region having an amino acid sequence
selected from the group consisting of SEQ ID NO:4 and SEQ
ID NO:5;

an [g variable heavy region having an amino acid sequence

selected from the group consisting:
SEQIDNOS:1, 116, 120, 124, 128, 132, 136, 140, 144, 148,
152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196,
200, 204, 208, 212, 334, 336, 338, 340, 342, 344, 346, 348,
350, 352, 354,356,358, and 360; and

an Ig variable light region having an amino acid sequence

selected from the group consisting:
SEQ ID NOS:111, 228, 232, 236, 240, 244, 248, 252, 256,
260, 264, 268, 216, 220, 224, 272, 276, 300, 292, 280, 288,
296, 284, 304, 308, 312, 335, 337, 339, 341, 343, 345, 347,
349, 351, 353,355,357, 359, and 361.

Another aspect of the invention pertains to a binding pro-
tein comprising an antigen binding domain capable of bind-
ing human DLL 4, said antigen binding domain comprising at
least one or more CDRs selected from the group consisting of:

CDR-H1: X1 -Xp-X3-%4-Xs, (SEQ ID NO: 105)

wherein;
X, i8S, N, orD;
X,isHorY;
X, is W;
X, is M;
X5isSorH;

CDR-H2:
(SEQ ID NO:
PSR CE UEPCED P ORP.CED CED ST P STRS STRD SE iy

106)

X14_X15_X16_X17l

wherein;
X,isLD,M, orT;
X,isT;
X518 S;
X,15Y,N,S,Q,V, T, H,orD;
X5is D;
X415 G;
X,i8S, R, L T,G,K, H,orN;
XgisN,Y, S, LorT;
X, 18K, S, A, orL;
X,018Y, D, or E;
X,,1s SorY;
X518 A;
X518 D;
X 418 S;
X518V
X618 K; and
X,,18 G;

CDR-H3:
(SEQ ID NO:
Xy -Xy-X3-Xy-X5-Xg-X7-Xg-X9-Xj0,

107)

wherein;
X, isA;
X,is G, A, orR;
X518 G;
X, 15 G, S, or A;
X5is N;
XsisVor M;
X, is G;
Xgis F,L,Y, or M;
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X, is Dy and
Xi0isL, S,0orL;

CDR-L1:
(SEQ ID NO:
X =Xy-X3-Xy-Ks5-K-X7-Kg~ Ko~ X o~ Xy 1,

108)

wherein;
X,1isS;
X,isAorG;
X5is Dy
X,isK,N,L, Q, M, E, S, T, G, or D;
X5isL;
Xes1s Gy
X,is T, S, N, A, G, or E;
X5 K, Q,N,orR;
X5isY;
XoisVorl;and
X, 18 S;

(SEQ ID NO:
X -Xy-X3-Xy-Xs5-Xg-X7,

109)
CDR-L2:

wherein:
X, 15 Qs
X,is D;
X515 A,G, W, S,orD;
X s KoM, Q,N, L, T, [, orE;
X5is R;
X4 1s Py and
X,is S;
and

(SEQ ID NO:
X, -X5-X3-Xy- Xs-Xg-Xy-Kg-XKo,

110)
CDR-L3:

wherein;

X, 15 Qs

X,isSorA;

X,is W;

X,is Dy

X51sR, S, Q,P A, V, W, orM;

Xsi185,G, N, R, or T;

X,is Dor Gy

XgisV, A, P,or E; and

Xsis V.

Preferably, the antigen binding domain of a DLL4 binding
protein of the invention comprises at least one CDR compris-
ing an amino acid sequence selected from the group consist-
ing of:

residues 31-35 of SEQ ID NO:112 (CDR-H1); residues

50-66 of SEQ ID NO:112 (CDR-H2); residues 99-108
of SEQ ID NO:112 (CDR-H3);
residues 23-33 of SEQ ID NO:113 (CDR-L1); residues
49-55 of SEQ ID NO:113 (CDR-L2); residues 88-96 of
SEQ ID NO:113 (CDR-L3);

residues 31-35 of SEQ ID NO:316 (CDR-H1); residues
50-66 of SEQ ID NO:316 (CDR-H2); residues 99-108
of SEQ ID NO:316 (CDR-H3);

residues 31-35 of SEQ ID NO:317 (CDR-H1); residues

50-66 of SEQ ID NO:317 (CDR-H2); residues 99-108
of SEQ ID NO:317 (CDR-H3);

residues 31-35 of SEQ ID NO:318 (CDR-H1); residues

50-66 of SEQ ID NO:318 (CDR-H2); residues 99-108
of SEQ ID NO:318 (CDR-H3);
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residues 31-35 of SEQ ID NO:319 (CDR-H1); residues
50-66 of SEQ ID NO:319 (CDR-H2); residues 99-108
of SEQ ID NO:319 (CDR-H3);

residues 31-35 of SEQ ID NO:320 (CDR-H1); residues

50-66 of SEQ ID NO:320 (CDR-H2); residues 99-108
of SEQ ID NO:320 (CDR-H3);

residues 31-35 of SEQ ID NO:321 (CDR-H1); residues

50-66 of SEQ ID NO:321 (CDR-H2); residues 99-108
of SEQ ID NO:321 (CDR-H3);

residues 31-35 of SEQ ID NO:322 (CDR-H1); residues

50-66 of SEQ ID NO:322 (CDR-H2); residues 99-108
of SEQ ID NO:322 (CDR-H3);

residues 31-35 of SEQ ID NO:323 (CDR-H1); residues

50-66 of SEQ ID NO:323 (CDR-H2); residues 99-108
of SEQ ID NO:323 (CDR-H3);

residues 31-35 of SEQ ID NO:324 (CDR-H1); residues

50-66 of SEQ ID NO:324 (CDR-H2); residues 99-108
of SEQ ID NO:324 (CDR-H3);

residues 31-35 of SEQ ID NO:325 (CDR-H1); residues

50-66 of SEQ ID NO:325 (CDR-H2); residues 99-108
of SEQ ID NO:325 (CDR-H3);

residues 31-35 of SEQ ID NO:326 (CDR-H1); residues

50-66 of SEQ ID NO:326 (CDR-H2); residues 99-108
of SEQ ID NO:326 (CDR-H3);
residues 23-33 of SEQ ID NO:327 (CDR-L1); residues
49-55 of SEQ ID NO:327 (CDR-L2); residues 88-96 of
SEQ ID NO:327 (CDR-L3);

residues 23-33 of SEQ ID NO:328 (CDR-L1); residues
49-55 of SEQ ID NO:328 (CDR-L2); residues 88-96 of
SEQ ID NO:328 (CDR-L3);

residues 23-33 of SEQ ID NO:329 (CDR-L1); residues
49-55 of SEQ ID NO:329 (CDR-L2); residues 88-96 of
SEQ ID NO:329 (CDR-L3);

residues 23-33 of SEQ ID NO:330 (CDR-L1); residues
49-55 of SEQ ID NO:330 (CDR-L2); residues 88-96 of
SEQ ID NO:330 (CDR-L3);

residues 23-33 of SEQ ID NO:331 (CDR-L1); residues
49-55 of SEQ ID NO:331 (CDR-L2); residues 88-96 of
SEQ ID NO:331 (CDR-L3);

residues 23-33 of SEQ ID NO:332 (CDR-L1); residues
49-55 of SEQ ID NO:332 (CDR-L2); residues 88-96 of
SEQ ID NO:332 (CDR-L3);

residues 23-33 of SEQ ID NO:333 (CDR-L1); residues
49-55 of SEQ ID NO:333 (CDR-L2); residues 88-96 of
SEQ ID NO:333 (CDR-L3).

In another embodiment, the binding protein comprises at
least 3 CDRs disclosed above.

Preferably, a DLL4 binding protein according to the inven-
tion comprises one or more CDRs disclosed above. More
preferably, the binding protein comprises three or more CDRs
disclosed above. Most preferably, a DLL4 binding protein
according to the invention comprises six CDRs described
above, i.e., a CDR-HI1, a CDR-H2, a CDR-H3, a CDR-L1, a
CDR-L2, and a CDR-L3 described above.

In a preferred embodiment, the binding protein comprises
at least 3 CDRs selected from the group consisting of the
sequences disclosed above.

In another preferred embodiment, a binding protein com-
prises 3 CDRs selected from a set of variable domain CDRs
selected from the group below.

VH A10 CDR Set

CDR-H1: residues 31-35 of SEQ ID NO:112

CDR-H2: residues 50-66 of SEQ ID NO:112

CDR-H3: residues 99-108 of SEQ ID NO:112
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VL A10 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:113
CDR-L2: residues 49-55 of SEQ ID NO:113
CDR-L3: residues 88-96 of SEQ ID NO:113
VH A10.3 CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:316
CDR-H2: residues 50-66 of SEQ 1D NO:316
CDR-H3: residues 99-108 of SEQ ID NO:316
VL A10.3 CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:327
CDR-L2: residues 49-55 of SEQ ID NO:327
CDR-L3: residues 88-96 of SEQ ID NO:327
VH A10.K30 CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:317
CDR-H2: residues 50-66 of SEQ 1D NO:317
CDR-H3: residues 99-108 of SEQ ID NO:317
VH A10.K42 CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:318
CDR-H2: residues 50-66 of SEQ 1D NO:318
CDR-H3: residues 99-108 of SEQ ID NO:318
VH A10.9A CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:319
CDR-H2: residues 50-66 of SEQ 1D NO:319
CDR-H3: residues 99-108 of SEQ ID NO:319
VH A10.8A CDR Set
CDR-H1: residues 31-35 of SEQ 1D NO:320
CDR-H2: residues 50-66 of SEQ 1D NO:320
CDR-H3: residues 99-108 of SEQ ID NO:320
VH A10.1A CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:321
CDR-H2: residues 50-66 of SEQ ID NO:321
CDR-H3: residues 99-108 of SEQ ID NO:321
VH A10.5D CDR Set
CDR-H1: residues 31-35 of SEQ 1D NO:322
CDR-H2: residues 50-66 of SEQ 1D NO:322
CDR-H3: residues 99-108 of SEQ 1D NO:322
VH A10.3A CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:323
CDR-H2: residues 50-66 of SEQ 1D NO:323
CDR-H3: residues 99-108 of SEQ ID NO:323
VL A10.3A CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:330
CDR-L2: residues 49-55 of SEQ ID NO:330
CDR-L3: residues 88-96 of SEQ ID NO:330
VH A10.6B CDR Set
CDR-H1: residues 31-35 of SEQ 1D NO:324
CDR-H2: residues 50-66 of SEQ 1D NO:324
CDR-H3: residues 99-108 of SEQ 1D NO:324
VL A10.6B CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:331
CDR-L2: residues 49-55 of SEQ ID NO:331
CDR-L3: residues 88-96 of SEQ ID NO:331
VH A10.3D CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:325
CDR-H2: residues 50-66 of SEQ ID NO:325
CDR-H3: residues 99-108 of SEQ ID NO:325
VL A10.3D CDR Set
CDR-L1: residues 23-33 of SEQ ID NO:332
CDR-L2: residues 49-55 of SEQ ID NO:332
CDR-L3: residues 88-96 of SEQ ID NO:332
VH A10.4C CDR Set
CDR-H1: residues 31-35 of SEQ ID NO:326
CDR-H2: residues 50-66 of SEQ 1D NO:326
CDR-H3: residues 99-108 of SEQ ID NO:326
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VL A10.4C CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:333

CDR-L2: residues 49-55 of SEQ ID NO:333

CDR-L3: residues 88-96 of SEQ ID NO:333

VL A10.L45 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:328

CDR-L2: residues 49-55 of SEQ ID NO:328

CDR-L3: residues 88-96 of SEQ ID NO:328

VL A10.L73 CDR Set

CDR-L1: residues 23-33 of SEQ ID NO:329

CDR-L2: residues 49-55 of SEQ ID NO:329

CDR-L3: residues 88-96 of SEQ ID NO:329

In another embodiment, a binding protein comprises a
variable heavy chain (VH) set of 3 CDRs selected from any
VH set of 3 CDRs in the group above and a variable light
chain (VL) setof 3 CDRS selected from any VL setof 3 CDRs
in the group above.

In still another embodiment a binding protein comprises a
named VH set of 3 CDRs and a correspondingly named VL
set of 3 CDRs from the group below. Preferably, a binding
protein according to the invention comprises at least two
variable domain CDR sets selected from the group of variable
domain CDR sets consisting of:

VH A10 CDR Set and VL. A10 CDR Set;

VH A10.3 CDR Set and VL. A10.3 CDR Set:

VH A10.3A CDR Set and VL, A10.3A Set;

VH A10.6B CDR Set and VL, A10.6B Set;

VH A10.3D CDR Set and VL, A10.3D CDR Set;

VH A10.4C CDR Set and VL, A10.4C CDR Set;

VH A10.K30 CDR Set and VL, A10.3 CDR Set;

VH A10.K42 CDR Set and VL, A10.3 CDR Set;

VH A10.3 CDR Set and VL. A10.1.45 CDR Set;

VH A10.3 CDR Set and VL. A10.1.73 CDR Set;

VH A10.9A CDR Set and VL, A10.3 CDR Set;

VH A10.8A CDR Set and VL, A10.3 CDR Set;

VH A10.1A CDR Set and VL, A10.3 CDR Set; and

VH A10.5D CDR Set and VL, A10.3 CDR Set.

In yet another embodiment, a binding protein described
above further comprises a human acceptor framework. Pref-
erably, the human acceptor framework comprises an amino
acid sequence selected from the group consisting of:

heavy chain acceptor framework sequences SEQ ID NOS:

6-22,

heavy chain acceptor sequences SEQ ID NOS:35-62,

light chain acceptor sequences SEQ ID NOS:23-34, and

light chain acceptor sequences SEQ ID NOS:63-98.

In another embodiment a binding protein described above
comprises a human acceptor framework, which comprises at
least one framework region amino acid substitution, wherein
the amino acid sequence of the framework is at least 65%
identical to the sequence of said human acceptor framework
and comprising at least 70 amino acid residues identical to
said human acceptor framework.

In another embodiment a binding protein described herein
comprises a human acceptor framework that comprises at
least one framework region amino acid substitution at a key
residue, said key residue selected from the group consisting
of:

a residue adjacent to a CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with human DLL4

a canonical residue;

a contact residue between heavy chain variable region and

light chain variable region;

a residue within a Vernier zone; and
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a residue in a region that overlaps between a Chothia-
defined variable heavy chain CDR1 and a Kabat-defined

first heavy chain framework.
Preferably, the key residue is selected from the group consist-
ing of: 2H, 4H, 24H, 26H, 27H, 29H, 34H, 35H, 37H, 39H,
44H, 45H, 47H, 48H, 49H, 50H, 51H, 58H, 59H, 60H, 63H,
67H, 69H, 71H, 73H, 76H, 78H, 91H, 93H, 94H, 2L, 4L, 25L,
29L, 27bL, 33L, 34L, 36L, 38L, 43L, 44L, 46L, 47L, 48L,
49L,55L,58L, 621, 64L,71L,87L,89L,90L, 91L, 94L, 95L.

In another embodiment, a binding protein described herein
comprises a consensus human variable domain.

In a preferred embodiment, a binding protein described
above comprises at least one variable domain having amino
acid sequence selected from the group consisting of:

SEQ ID NOS:112, 113, 316, 327, 317, 318, 319, 320, 321,
322,323,330, 324,331, 325, 332, 326, 333, 328, and 329.

In another embodiment, a binding protein described above
comprises two variable domains, wherein said two variable
domains have amino acid sequences selected from the group
consisting of: SEQ ID NOS:112 and 113, SEQ ID NOS:316
and 327, SEQ ID NOS:323 and 330, SEQ ID NOS:324 and
331, SEQ ID NOS:325 and 332, and SEQ ID NOS:326 and
333.

In an embodiment, a binding protein according to the
invention comprises heavy chain variable domain (V,), pref-
erably wherein the V, comprises an amino acid sequence
selected from the group consisting of:

SEQIDNOS:112,316,317,318, 319,320,321, 322,323,
324,325, and 326.

In yet another embodiment, a binding protein according to
the invention comprises a light chain variable domain (a V),
preferably wherein the V, comprises an amino acid sequence
selected from the group consisting of:

SEQ ID NOS:113, 327,328, 329, 330, 331, 332, and 333.

In another embodiment, the invention provides a binding
protein capable of binding human DLI.-4, said binding pro-
tein comprising:

an Ig constant heavy region having an amino acid sequence
selected from the group consisting of SEQ ID NO:2 and SEQ
ID NO:3;

an Ig constant light region having an amino acid sequence
selected from the group consisting of SEQ ID NO:4 and SEQ
ID NO:5;

an Ig variable heavy region having an amino acid sequence
selected from the group consisting:

SEQ ID NOS: SEQ ID NOS:112, 316, 317, 318, 319, 320,
321,322,323, 324,325, and 326; and

an Ig variable light region having an amino acid sequence
selected from the group consisting:

SEQ ID NOS: 113, 327,328, 329, 330, 331, 332, and 333.

According to the invention, variable heavy (VH) domains
and variable light (VL) domains of DLL4 binding proteins
described herein may also be shuffled using recombinant
techniques available in the art to generate and select for addi-
tional DLL4 binding proteins that comprise various combi-
nations of VH and VL domains described herein.

In a preferred embodiment, a DLL4 binding protein
according to the invention binds human DLL4 (hu DLL4)and
at least one other species of DLL4. More preferably, a DL.L4
binding protein described herein binds human DLL4 and a
DLIL4 selected from the group consisting of: a mouse DLL4
(mu DLL4), a cynomolgus monkey DLL4 (cynomolgus
DLL4, cyno DLL4), a rat DLL4, and combinations thereof.

In another embodiment, a DLL4 binding protein is a fully
human antibody or antigen binding portion thereof.

In another embodiment, a DL.L4 binding protein is a CDR
grafted antibody. More preferably, a DL.L4 binding protein is
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a CDR-grafted antibody or antigen binding portion thereof
comprising one or more CDRs described above.

Still more preferably, the CDR grafted antibody or antigen
binding portion thereof comprise a variable domain described
above. More preferably, a CDR grafted antibody or antigen
binding portion thereof comprises two variable domains
described above. Preferably, the CDR grafted antibody or
antigen binding portion thereof comprises a human acceptor
framework. More preferably, the human acceptor framework
is any one of the human acceptor frameworks described
above.

More preferably, a binding protein is capable of neutraliz-
ing an activity of a DLL4 selected from the group consisting
of human DLL4, mouse DLL4, cynomolgus monkey DLL4,
rat DLL4, and combinations thereof. Evaluating the neutral-
ization of activity of DLL4 can be assessed via several in vitro
and in vivo assays know in the art. Exemplary parameters for
assessing neutralization of DLL4 activity include, but are not
limited to, antibodies that inhibit DLL4 interaction with the
Notch receptor, and/or Notch-signaling pathway with an IC,,
values of about at least 10-%M; at least 10”7 M, or at least 10~%
M.

In one embodiment, the binding protein of the invention
has an on rate constant (K_,,) to DLL4 of at least about 10°M ™"
s7!; at least about 10°M™! s7'; at least about 10*M~" s7*; at
least about 10°M~!s71; or at least about 10°M~'s!, as mea-
sured by surface plasmon resonance. Preferably, the binding
protein of the invention has an on rate constant (K ) to DLL4
between 10°M~! s7! to 10°M! s7; between 10°M~! 57! to
10°M! s71; between 10*M™! 57! to 10°M™! s7}; or between
10°M™* 57! to 10°M~! 57!, as measured by surface plasmon
resonance.

In another embodiment, the binding protein of the inven-
tion has an off rate constant (K, for DLL4 of at most about
1072 s71; at most about 10~% s~%; at most about 10> s™1; or at
most about 107% 5!, as measured by surface plasmon reso-
nance. Preferably, the binding protein of the invention has an
off rate constant (K, ) to DLL4 of1073s ' t0 10~*57;0f 107*
s7' t0 107 57! or of 107° 57! to 107° 57!, as measured by
surface plasmon resonance.

In another embodiment, the binding protein of the inven-
tion has a dissociation constant (K ) to DLL4 of at most about
1077 M; at most about 10~ M; at most about 10° M; at most
about 107*° M; at most about 10~'* M; at most about 10™'?M;
or at most 107 M. Preferably, the binding protein of the
invention has a dissociation constant (K ;) to DLL4 of 107" M
t0 1078 M; of 1078 M to 10~° M; of 10~° M to 1071° M; of
107%t0 107 M; of 107! M to 1072 M; or of 1072 to M
107 M.

One embodiment of the invention provides an antibody
construct comprising any one of the DLL4 binding proteins
disclosed above and a linker polypeptide or an immunoglo-
bulin constant domain. In a preferred embodiment, an anti-
body construct according to the invention is selected from the
group consisting of: an immunoglobulin molecule, a mono-
clonal antibody, a chimeric antibody, a CDR-grafted anti-
body, a humanized antibody, a Fab, a Fab', a F(ab'),, a Fv, a
disulfide linked Fv, a scFv, a single domain antibody, a dia-
body, a multispecific antibody, a dual specific antibody, and a
bispecific antibody.

In a preferred embodiment, an antibody construct of the
invention comprises a heavy chain immunoglobulin constant
domain selected from the group consisting of a human IgM
constant domain, a human IgG1 constant domain, a human
1gG2 constant domain, a human IgG3 constant domain, a
human IgG4 constant domain, a human IgE constant domain,
and a human IgA constant domain, and mutants of the above
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Ig isotypes which may alter Fc gamma receptor binding,
FcRn binding, C1q binding and may alter pharmacokinetic
properties and/or Fc effector functions.

In another embodiment, an antibody construct is glycosy-
lated. Preferably, the glycosylation is a human glycosylation
pattern.

In another embodiment, a DLIL4 binding protein described
herein is conjugated to an agent. Binding protein conjugates
of the invention include antibody conjugates in which an
antibody construct described herein is conjugated to an agent.
Preferably, the agent is selected from the group consisting of:
an immunoadhesion molecule, an imaging agent, a therapeu-
tic agent, and a cytotoxic agent. In a preferred embodiment,
the imaging agent is selected from the group consisting of a
radiolabel, an enzyme, a fluorescent label, a luminescent
label, a bioluminescent label, a magnetic label, and biotin.
More preferably the imaging agent is a radiolabel selected
from the group consisting of: *H, **C, *°S, *°Y, **Tc, *!'In,
1257, 1317, 177y, '%Ho, and ***Sm. In a preferred embodi-
ment, the therapeutic or cytotoxic agent is selected from the
group consisting of: an anti-metabolite, an alkylating agent,
an antibiotic, a growth factor, a cytokine, an anti-angiogenic
agent, an anti-mitotic agent, an anthracycline, toxin, and an
apoptotic agent.

In another embodiment, a DLL4 binding protein, an anti-
body construct, or a binding protein conjugate (including
antibody conjugates) disclosed above exists as a crystal. Pref-
erably, the crystal is a carrier-free pharmaceutical controlled
release crystal. In a preferred embodiment, such a crystallized
binding protein, crystallized antibody construct, or crystal-
lized antibody conjugate has a greater half life in vivo than its
soluble counterpart. In another preferred embodiment, the
crystallized binding protein, crystallized antibody construct,
or crystallized binding protein conjugate (including antibody
conjugate) retains biological activity after crystallization.

One aspect of the invention pertains to an isolated nucleic
acid encoding a DLL4 binding protein, an antibody construct,
aDLL4 binding antibody conjugate, or DLL4 binding portion
thereof. Particularly preferred is an isolated nucleic acid that
encodes a polypeptide selected from the group consisting of:
a polypeptide comprising a heavy chain variable domain,
wherein the heavy chain variable domain comprises a CDR-
H1,a CDR-H2, or a CDR-H3 described above; a polypeptide
comprising a light chain variable domain, wherein the light
chain variable domain comprises a CDR-[.1,a CDR-1.2, or a
CDR-L3 as described above; or a combination of both
polypeptides.

A further embodiment provides a vector comprising an
isolated nucleic acid disclosed above. In a preferred embodi-
ment, the vector is selected from the group consisting of:
pcDNA, pTT (Durocher et al., Nucl. Acids Res., 30(2e9): 1-9
(2002)), pTT3 (pTT with additional multiple cloning sites),
pEFBOS (Mizushima et al., Nucl. Acids. Res., 18 (17): 5322
(1990)), pHybE, pBV, pJV, and pBlJ, and any other expression
vectors suitable for prokaryotic or eukaryotic cells.

In another aspect of the invention there is provided a host
cell is transformed with the vector disclosed above. The host
cell may be prokaryotic or eukaryotic cell. A preferred
prokaryotic host cell is Escherichia coli. Preferably, the
eukaryotic cell is selected from the group consisting of: a
protist cell, an animal cell, a plant cell, and a fungal cell. More
preferably, the host cell is amammalian cell including, but not
limited to, CHO and COS cells. A preferred fungal cell is, but
not limited to, Saccharomyces cerevisiae. A preferred insect
cell is an S19 cell.

Another aspect of the invention provides a method of pro-
ducing a binding protein that binds human DLL4 comprising
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the step of culturing any one of the host cells disclosed above
in a culture medium under conditions sufficient to produce a
binding protein that binds human DLIL4. Another embodi-
ment provides a binding protein produced according to the
method disclosed above.

One embodiment provides a composition for the release of
a DLL4 binding protein according to the invention wherein
the composition comprises a formulation which in turn com-
prises a crystallized DLL4 binding protein, crystallized anti-
body construct, or crystallized binding protein conjugate (in-
cluding antibody conjugates) as disclosed above and an
ingredient, and further at least one polymeric carrier. Prefer-
ably, the polymeric carrier is a polymer selected from one or
more of the group consisting of: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly (anhydrides), poly
(depsipeptide), poly (esters), poly (lactic acid), poly (lactic-
co-glycolic acid) or PLGA, poly (b-hydroxybutryate), poly
(caprolactone), poly (dioxanone); poly (ethylene glycol),
poly ((hydroxypropyl)methacrylamide, poly [(organo)phos-
phazene], poly (ortho esters), poly (vinyl alcohol), poly (vi-
nylpyrrolidone), maleic anhydride-alkyl vinyl ether copoly-
mers, pluronic polyols, albumin, alginate, cellulose and
cellulose derivatives, collagen, fibrin, gelatin, hyaluronic
acid, oligosaccharides, glycaminoglycans, sulfated polyeac-
charides, blends and copolymers thereof. Preferably the
ingredient is selected from the group consisting of albumin,
sucrose, trehalose, lactitol, gelatin, hydroxypropyl-p-cyclo-
dextrin, methoxypolyethylene glycol and polyethylene gly-
col.

Another embodiment provides a method for treating a
mammal comprising the step of administering to the mammal
an effective amount of a composition comprising a crystal-
lized DLL4 binding protein, a crystallized antibody con-
struct, or a crystallized protein conjugate (including antibody
conjugates) disclosed above.

The invention also provides a pharmaceutical composition
comprising a DLL4 binding protein, an antibody construct, or
a binding protein conjugate (including antibody conjugates)
as disclosed above and a pharmaceutically acceptable carrier.
In a further embodiment, the pharmaceutical composition
comprises at least one additional agent. The additional agent
may be a therapeutic agent for treating a disorder in which
DLIL4 is detrimental. Preferably, a pharmaceutical composi-
tion comprises an additional agent selected from the group
consisting of: a therapeutic agent; an imaging agent; an anti-
neoplastic agent; a chemotherapeutic agent (such as a DNA
alkylating agent, cisplatin, carboplatin, an anti-tubulin agent,
paclitaxel, docetaxel, doxorubicin, gemcitabine, gemzar, an
anthracycline, adriamycin, a topoisiomersase 1 inhibitor, a
topoisomerase Il inhibitor, 5-fluorouracil (5-FU), leucovorin,
irinotecan), and a receptor tyrosine kinase inhibitors (e.g.,
erlotinib, gefitinib), a COX-2 inhibitor (e.g., celecoxib), a
kinase inhibitor, and an angiogenesis inhibitor (including but
not limited to an anti-VEGF antibody or VEGF-trap); a co-
stimulation molecule blocker (including but not limited to
anti-B7.1 antibody, anti-B7.2 antibody, CTLA4-Ig, anti-
CD20 antibody); an adhesion molecule blocker (including
but not limited to an anti-LLFA-1 antibody, an anti-E/L selectin
antibody, and a small molecule inhibitor); anti-cytokine anti-
body or functional fragment thereof (including but not lim-
ited to an anti-1L.-18, an anti-TNF, and an anti-IL-6/cytokine
receptor antibody); methotrexate; cyclosporine; rapamycin;
FK506; a detectable label or reporter molecule; a TNF
antagonist; an antitheumatic; a muscle relaxant; a narcotic; a
non-steroid anti-inflammatory drug (NSAID); an analgesic;
an anesthetic; a sedative; a local anesthetic; a neuromuscular
blocker; an antimicrobial agent; an antipsoriatic agent; a cor-
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ticosteroid; an anabolic steroid; an erythropoietin; an immu-
nization; an immunoglobulin; an immunosuppressive agent;
a growth hormone; a hormone replacement drug; a radiop-
harmaceutical drug; an antidepressant; an antipsychotic drug;
a stimulant; an asthma medication; a beta agonist; an inhaled
steroid; an epinephrine or analog thereof; a cytokine; and a
cytokine antagonist.

In another aspect, the invention provides a method for
inhibiting human DLIL4 activity comprising contacting
human DLIL4 with a binding protein disclosed above such
that human DLL4 is inhibited or neutralized. In a related
aspect, the invention provides a method for inhibiting DL.L4
activity in a human subject suffering from a disorder in which
DLIL4 is detrimental, comprising administering to the human
subject a binding protein disclosed above such that human
DLL4 in the human subject is inhibited and treatment is
achieved. Preferably, the disorder is selected from the group
comprising primary and metastatic cancers, including carci-
nomas of breast, colon, rectum, lung, oropharynx, hypophar-
ynx, esophagus, stomach, pancreas, liver, gallbladder and bile
ducts, small intestine, urinary tract (including kidney, blad-
der, and urothelium), female genital tract (including cervix,
uterus, and ovaries as well as choriocarcinoma and gesta-
tional trophoblastic disease), male genital tract (including
prostate, seminal vesicles, testes, and germ cell tumors),
endocrine glands (including the thyroid, adrenal, and pitu-
itary glands), and skin, as well as hemangiomas, melanomas,
sarcomas (including those arising from bone and soft tissues
as well as Kaposi’s sarcoma), tumors of the brain, nerves,
eyes, and meninges (including astrocytomas, gliomas, glio-
blastomas, retinoblastomas, neuromas, neuroblastomas,
Schwannomas, and meningiomas), solid tumors arising from
hematopoietic malignancies such as leukemias and lympho-
mas (both Hodgkin’s and non-Hodgkin’s lymphomas), tumor
metastases, ocular neovascularization (including diabetic
blindness, retinopathies, age-induced macular degeneration
and rubeosis), edema, rheumatoid arthritis, multiple sclero-
sis, atheroscleorotic plaques, Crohn’s disease, inflammatory
bowel disease, refractory ascites, psoriasis, sarcoidosis, arte-
rial arteriosclerosis, sepsis, peptic ulcers, burns, and pancre-
atitis, polycystic ovarian disease (POD), endometriosis, uter-
ine fibroids, benign prostate hypertrophy, and other
angiogenesis independent and dependent diseases character-
ized by abberant DLL4 activity.

In another aspect the invention provides a method of treat-
ing a patient suffering from a disorder in which human DLL4
is detrimental comprising the step of administering any one of
the binding proteins disclosed above before, concurrent, or
after the administration of a second agent, as discussed above.
In a preferred embodiment, the second agent is selected from
the group consisting of: radiotherapeutic agent; an antine-
oplastic agent; a chemotherapeutic agent (such as a DNA
alkylating agent, cisplatin, carboplatin, an anti-tubulin agent,
paclitaxel, docetaxel, taxol, doxorubicin, gemcitabine,
gemrzar, an anthracycline, adriamycin, a topoisomerase |
inhibitor, a topoisomerase I inhibitor, S-fluorouracil (5-FU),
leucovorin, irinotecan), a receptor tyrosine kinase inhibitor
(e.g., erlotinib, gefitinib), a COX-2 inhibitor (e.g., celecoxib),
a kinase inhibitor, and an angiogenesis inhibitor (including
but not limited to an anti-VEGF antibody or VEGF-trap); a
co-stimulation molecule blocker (including but not limited to
anti-B7.1, anti-B7.2, CTLA4-Ig, anti-CD20); an adhesion
molecule blocker (including but not limited to an anti-LFA-1
antibody, an anti-E/L. selectin antibody, a small molecule
inhibitor); anti-cytokine antibody or functional fragment
thereof (including but not limited to anti-I[.-18, anti-TNF,
anti-IL-6/cytokine receptor antibodies); methotrexate;
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cyclosporine; rapamycin; FKS506; detectable label or
reporter; a TNF antagonist; an antirheumatic; a muscle relax-
ant; a narcotic, a non-steroid anti-inflammatory drug
(NSAID); an analgesic; an anesthetic; a sedative; a local
anesthetic; a neuromuscular blocker; an antimicrobial agent;
an antipsoriatic drug; a corticosteroid; an anabolic steroid; an
erythropoietin; an immunization; an immunoglobulin; an
immunosuppressive agent; a growth hormone; a hormone
replacement drug; a radiopharmaceutical drug; an antidepres-
sant; an antipsychotic drug; a stimulant; an asthma medica-
tion; a beta agonist; an inhaled steroid; an epinephrine or
analog thereof; a cytokine; and a cytokine antagonist.

In a preferred embodiment, the pharmaceutical composi-
tions disclosed above are administered to the subject by at
least one mode selected from the group consisting of:
parenteral, subcutaneous, intramuscular, intravenous, intrar-
ticular, intrabronchial, intraabdominal, intracapsular, intrac-
artilaginous, intracavitary, intracelial, intracerebellar, intrac-
erebroventricular, intracolic, intracervical, intragastric,
intrahepatic, intramyocardial, intraosteal, intrapelvic, intrap-
ericardiac, intraperitoneal, intrapleural, intraprostatic, intra-
pulmonary, intrarectal, intrarenal, intraretinal, intraspinal,
intrasynovial, intrathoracic, intrauterine, intravesical, bolus,
vaginal, rectal, buccal, sublingual, intranasal, and transder-
mal.

Another aspect of the invention provides at least one DLLL4
anti-idiotype antibody to at least one DLL4 binding protein of
the present invention. The anti-idiotype antibody includes
any protein or peptide containing molecule that comprises at
least a portion of an immunoglobulin molecule such as, but
not limited to, at least one complementarily determining
region (CDR) of a heavy or light chain or a ligand binding
portion thereof, a heavy chain or light chain variable region,
a heavy chain or light chain constant region, a framework
region, and any portion thereof, that can be incorporated into
a binding protein of the present invention.

Any of a variety of immunodetection assay formats may be
adapted to employ a DLI4 binding protein of the invention to
detect DLL4 in a mixture, solution, or biological sample.
Such immunodetection assay formats include but are not
limited to radioimmunoassay (RIA), immunoprecipitation,
enzyme-linked immunosorbent assay (ELISA), immunoblot
(e.g., Western), immunostrips (e.g., immunodipsticks) com-
prising a DLL4 binding protein of the invention adsorbed or
immobilized to substrate, FACS, and the like. Detection of
DLIL4 using a DLL4 binding protein of the invention may be
conducted in vitro on a mixture, solution, or in biological
sample. A biological sample that may be contacted with bind-
ing protein of the invention to detect or measure DLL4 in the
sample includes, but is not limited to, urine, saliva, oral swab
(buccal, lingual, or throat swab), dermal swab, dermal scrape,
rectal swab, vaginal swab, whole blood sample, plasma
sample, serum sample, tissue biopsy, and any other sample
obtained from an individual by a procedure known in the art.
In another embodiment, a DLL4 binding protein may be
employed to detect DLL4 in vivo such as various tomography
and scanning methods, including but not limited to X-ray
computer assisted tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography (PET).

DETAILED DESCRIPTION OF THE INVENTION

This invention pertains to DLI4 binding proteins, particu-
larly anti-DLL4 antibodies, or antigen-binding portions
thereof that bind DLL4. Various aspects of the invention
relate to antibodies and antibody fragments, and pharmaceu-
tical compositions thereof, as well as nucleic acids, recombi-
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nant expression vectors, and host cells for making such anti-
bodies and fragments. Methods of using the antibodies of the
invention to detect human DLL4 or murine DLL4, methods to
inhibit human or mouse DLL4 and/or human or mouse
VEGFR2 or VEGRI activity, either in vitro or in vivo, and
methods to regulate gene expression are also encompassed by
the invention.

Unless otherwise defined herein, scientific and technical
terms used in connection with the present invention shall have
the meanings that are commonly understood by those of
ordinary skill in the art. The meaning and scope of the terms
should be clear, however, in the event of any latent ambiguity,
definitions provided herein take precedent over any dictio-
nary or extrinsic definition. Further, unless otherwise
required by context, singular terms shall include pluralities
and plural terms shall include the singular. In this application,
the use of “or” means “and/or” unless stated otherwise. Fur-
thermore, the use of the term “including,” as well as other
forms, such as “includes” and “included,” is not limiting.
Also, terms such as “element” or “component” encompass
both elements and components comprising one unit and ele-
ments and components that comprise more than one subunit
unless specifically stated otherwise.

Generally, nomenclatures used in connection with, and
techniques of, cell and tissue culture, molecular biology,
immunology, microbiology, genetics and protein and nucleic
acid chemistry and hybridization described herein are those
well known and commonly used in the art. The methods and
techniques of the present invention are generally performed
according to conventional methods well known in the art and
as described in various general and more specific references
that are cited and discussed throughout the present specifica-
tion unless otherwise indicated. Enzymatic reactions and
purification techniques are performed according to manufac-
turer’s specifications, as commonly accomplished in the art or
as described herein. The nomenclatures used in connection
with, and the laboratory procedures and techniques of, ana-
lytical chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are those well
known and commonly used in the art. Standard techniques are
used for chemical syntheses, chemical analyses, pharmaceu-
tical preparation, formulation, and delivery, and treatment of
patients.

That the present invention may be more readily under-
stood, select terms are defined below.

The term “polypeptide” as used herein, refers to any poly-
meric chain of amino acids. The terms “peptide” and “pro-
tein” are used interchangeably with the term polypeptide and
also refer to a polymeric chain of amino acids. The term
“polypeptide” encompasses native or artificial proteins, pro-
tein fragments and polypeptide analogs of'a protein sequence.
A polypeptide may be monomeric or polymeric. Use of
“polypeptide” herein is intended to encompass polypeptide
and fragments and variants (including fragments of variants)
thereof, unless otherwise stated. For an antigenic polypep-
tide, a fragment of polypeptide optionally contains at least
one contiguous or nonlinear epitope of polypeptide. The pre-
cise boundaries of the at least one epitope fragment can be
confirmed using ordinary skill in the art. The fragment com-
prises at least about 5 contiguous amino acids, such as at least
about 10 contiguous amino acids, atleast about 15 contiguous
amino acids, or at least about 20 contiguous amino acids. A
variant of polypeptide is as described herein.

The term “isolated protein” or “isolated polypeptide” is a
protein or polypeptide that by virtue of its origin or source of
derivation is not associated with naturally associated compo-
nents that accompany it in its native state; is substantially free
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of other proteins from the same species; is expressed by a cell
from a different species; or does not occur in nature. Thus, a
polypeptide that is chemically synthesized or synthesized in a
cellular system different from the cell from which it naturally
originates will be “isolated” from its naturally associated
components. A protein may also be rendered substantially
free of naturally associated components by isolation, using
protein purification techniques well known in the art.

The term “recovering” as used herein, refers to the process
of rendering a chemical species such as a polypeptide sub-
stantially free of naturally associated components by isola-
tion, e.g., using protein purification techniques well known in
the art.

The term “human DLL4” (abbreviated herein as “hDLL4”
or “huDLL4”), as used herein, includes several EGF-like
domains and a DSL domain that is required for receptor
binding. The term includes a protein comprising about 74-75
kDa. The structure and deduced DNA and protein sequences
of human DLI4 is described further in, for example, Shutter
etal., Genes & Dev, 4: 1313-1318 (2000). The term “human
DLIL4” is intended to include recombinant human DLL4 (th
DLIL4), which can be prepared by standard recombinant
expression methods.

“Biological activity”, as used herein with respect to DL.L4,
refers to all inherent biological properties of DLL4. Biologi-
cal properties of DLL4 include, but are not limited to, binding
a Notch receptor, activating a Notch receptor, negatively
regulating VEGF signaling, repressing VEGFR2, and induc-
ing VEGRI.

The terms “specific binding” or “specifically binding”, as
used herein, in reference to the interaction of an antibody, a
protein, or a peptide with a second chemical species, means
that the interaction is dependent upon the presence of a par-
ticular structure (e.g., an antigenic determinant or epitope) on
the chemical species; for example, an antibody recognizes
and binds to a specific protein structure rather than to proteins
generally. If an antibody is specific for epitope “A”, the pres-
ence of a molecule containing epitope A (or free, unlabeled
A), in a reaction containing labeled “A” and the antibody, will
reduce the amount of labeled A bound to the antibody.

The term “antibody”, as used herein, broadly refers to any
immunoglobulin (Ig) molecule comprised of four polypep-
tide chains, two heavy (H) chains and two light (L) chains, or
any functional fragment, mutant, variant, or derivation
thereof, which retains the essential epitope binding features
of an Ig molecule. Such mutant, variant, or derivative anti-
body formats are known in the art. Nonlimiting embodiments
of which are discussed below.

In a full-length antibody, each heavy chain is comprised of
aheavy chain variable region (abbreviated hereinas HCVR or
VH) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, CH1, CH2 and
CH3. Each light chain is comprised of a light chain variable
region (abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is comprised
of one domain, CL.. The VH and VL regions can be further
subdivided into regions of hypervariability, termed comple-
mentary determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions
(FR). Each VH and VL is composed of three CDRs and four
FRs, arranged from amino-terminus to carboxy-terminus in
the following order: FR1, CDRI1, FR2, CDR2, FR3, CDR3,
and FR4. Immunoglobulin molecules can be of any type (e.g.,
1gG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 1, 1gG2,
1gG 3, 1gG4, IgAl and 1gA2) or subclass.

The term “Fc region™ is used to define the C-terminal
region of an immunoglobulin heavy chain, which may be
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generated by papain digestion of an intact antibody. The Fc
region may be a native sequence Fc region or a variant Fc
region. The Fc region of an immunoglobulin generally com-
prises two constant domains, a CH2 domain and a CH3
domain, and optionally comprises a CH4 domain. Replace-
ments of amino acid residues in the Fc portion to alter anti-
body effector function are known in the art (U.S. Pat. Nos.
5,648,260 and 5,624,821). The Fc portion of an antibody
mediates several important effector functions, e.g., cytokine
induction, ADCC, phagocytosis, complement dependent
cytotoxicity (CDC), and half-life/clearance rate of antibody
and antigen-antibody complexes. In some cases these effector
functions are desirable for a therapeutic antibody but in other
cases might be unnecessary or even deleterious, depending on
the therapeutic objectives. Certain human IgG isotypes, par-
ticularly IgG1 and 1gG3, mediate ADCC and CDC via bind-
ing to FeyRs and complement C1q, respectively. Neonatal Fc
receptors (FcRn) are the critical components determining the
circulating half-life of antibodies. In still another embodi-
ment, at least one amino acid residue is replaced in the con-
stant region of the antibody, for example, the Fc region of the
antibody, such that effector functions of the antibody are
altered. The dimerization of two identical heavy chains of an
immunoglobulin is mediated by the dimerization of CH3
domains and is stabilized by the disulfide bonds within the
hinge region (Huber et al., Nature, 264: 415-420 (1976);
Thies et al., J. Mol. Biol., 293: 67-79 (1999)). Mutation of
cysteine residues within the hinge regions to prevent heavy
chain-heavy chain disulfide bonds will destabilize dimeriza-
tion of CH3 domains. Residues responsible for CH3 dimer-
ization have been identified (Dall’Acqua, Biochem., 37:
9266-9273 (1998)). Therefore, it is possible to generate a
monovalent half-Ig. Interestingly, these monovalent half Ig
molecules have been found in nature for both IgG and IgA
subclasses (Seligman, Ann. Immunol., 129: 855-70 (1978);
Biewenga et al., Clin. Exp. Immunol., 51: 395-400 (1983)).
The stoichiometry of FcRn: Ig Fc region has been determined
to be 2:1 (West et al., Biochem., 39: 9698-9708 (2000)), and
half Fc is sufficient for mediating FcRn binding (Kim et al.,
Eur. J. Immunol., 24: 542-548 (1994)). Mutations to disrupt
the dimerization of CH3 domain may not have greater
adverse effect on its FcRn binding as the residues important
for CH3 dimerization are located on the inner interface of
CH3 b sheet structure, whereas the region responsible for
FcRn binding is located on the outside interface of CH2-CH3
domains. However, the half Ig molecule may have certain
advantages in tissue penetration due to its smaller size in
comparison to that of a regular antibody. In one embodiment,
at least one amino acid residue is replaced in the constant
region of a binding protein of the invention, for example the
Fc region, such that the dimerization of the heavy chains is
disrupted, resulting in half Ig molecules. The anti-inflamma-
tory activity of IgG is completely dependent on sialylation of
the N-linked glycan of the IgG Fc fragment. The precise
glycan requirements for anti-inflammatory activity has been
determined, such that an appropriate IgG1 Fc fragment can be
created, thereby generating a fully recombinant, sialylated
1gG1 Fc with greatly enhanced potency (Anthony et al., Sci-
ence, 320: 373-376 (2008)).

The term “antigen-binding portion” of an antibody (or
simply “antibody portion™), as used herein, refers to one or
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more fragments of an antibody that retains the ability to bind
specifically to an antigen (i.e., to a particular epitope of an
antigen, such as an epitope of DLL4). It has been shown that
the antigen-binding function of an antibody can be performed
by fragments of a full-length antibody. Such antibody
embodiments may also be bispecific, dual specific, or multi-
specific formats; specifically binding to two or more different
antigens (or two or more different epitopes of the same anti-
gen). Examples of binding fragments encompassed within
the term “antigen-binding portion” of an antibody include (i)
a Fab fragment, a monovalent fragment consisting of the VL,
VH, CL, and CH1 domains; (ii) a F(ab'), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; (iii) an Fd fragment consisting of
the VH and CH1 domains; (iv) an Fv fragment consisting of
the VL. and VH domains of a single arm of an antibody; (v) a
dAb fragment (Ward et al., Nature, 341:544-546 (1989); PCT
Publication No. WO 90/05144 A1), which comprises a single
variable domain; and (vi) an isolated complementary deter-
mining region (CDR). Furthermore, although the two
domains of the Fv fragment, VL. and VH, are coded for by
separate genes, they can be joined, using recombinant meth-
ods, by a synthetic linker that enables them to be made as a
single protein chain in which the VL. and VH regions pair to
form monovalent molecules (known as single chain Fv
(scFv); see, e.g., Bird et al., Science, 242: 423-426 (1988);
Huston et al., Proc. Natl. Acad. Sci. USA, 85: 5879-5883
(1988)). Such single chain antibodies are also intended to be
encompassed within the term “antigen-binding portion” of an
antibody. Other forms of single chain antibodies, such as
diabodies, are also encompassed. Diabodies are bivalent,
bispecific antibodies in which VH and VL. domains are
expressed on a single polypeptide chain, but using a linker
that is too short to allow for pairing between the two domains
on the same chain, thereby forcing the domains to pair with
complementary domains of another chain and creating two
antigen binding sites (see, e.g., Holliger et al., Proc. Natl.
Acad. Sci. US4, 90: 6444-6448 (1993); Poljak, R. I., Struc-
ture, 2: 1121-1123 (1994)). Such antibody binding portions
are known in the art (see, Kontermann and Dubel eds., Anti-
body Engineering (Springer-Verlag. New York, 2001), p. 790
(ISBN 3-540-41354-5)). In addition, single chain antibodies
also include “linear antibodies” comprising a pair of tandem
Fv segments (VH-CH1-VH-CH1) which, together with
complementary light chain polypeptides, form a pair of anti-
gen binding regions (Zapata et al. Protein Eng., 8(10): 1057-
1062 (1995); and U.S. Pat. No. 5,641,870).

The term “antibody construct” (or “DLL4 antibody con-
struct”) as used herein refers to a polypeptide comprising one
ormore the antigen binding portions of the invention linked to
a linker polypeptide or an immunoglobulin constant domain.
Linker polypeptides comprise two or more amino acid resi-
dues joined by peptide bonds and are used to link one or more
antigen binding portions. Such linker polypeptides are well
known in the art (see e.g., Holliger et al., Proc. Natl. Acad.
Sci. US4, 90: 6444-6448 (1993); Poljak, R. J., Structure, 2:
1121-1123 (1994)). An immunoglobulin constant domain
refers to a heavy or light chain constant domain. Human IgG
heavy chain and light chain constant domain amino acid
sequences are known in the art and represented in Table 1.
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TABLE 1

Sequence of human IgG heavy chain constant
domain and light chain constant domain

Sequence

Protein Identifier

Sequence
12345678901234567890123456789012

Ig gamma-1 constant SEQ ID NO:
region

Ig gamma-1 constant SEQ ID NO:
region mutant

2

ASTKGPSVFFLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDY
FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPEAAGGPSVFLEFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY
PREAKVQWKVDNALQSGNSQESVTEQDSKDST
YSLSSTLTLSKADYEKHKVYACEVTHQGLSSP

Ig Kappa constant SEQ ID NO: 4
region

VTKSFNRGEC
Ig Lambda constant SEQ ID NO: 5

region

QPKAAPSVTLFPPSSEELQANKATLVCLISDF
YPGAVTVAWKADSSPVKAGVETTTPSKQSNNK
YAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE

30

KTVAPTECS

Still further, an antibody or antigen-binding portion thereof
may be part of a larger immunoadhesion molecules, formed
by covalent or noncovalent association of the antibody or
antibody portion with one or more other proteins or peptides.
Examples of such immunoadhesion molecules include use of
the streptavidin core region to make a tetrameric scFv mol-
ecule (Kipriyanov etal., Human Antibodies and Hybridomas,
6: 93-101 (1995)) and use of a cysteine residue, a marker
peptide, and a C-terminal polyhistidine tag to make bivalent
and biotinylated scFv molecules (Kipriyanov et al., Mol
Immunol., 31: 1047-1058 (1994)). Antibody portions, such as
Fab and F(ab")2 fragments, can be prepared from whole anti-
bodies using conventional techniques, such as papain or pep-
sin digestion, respectively, of whole antibodies. Moreover,
antibodies, antibody portions, and immunoadhesion mol-
ecules can be obtained using standard recombinant DNA
techniques, as described herein and known in the art.

An “isolated antibody”, as used herein, is intended to refer
to an antibody that is substantially free of other antibodies
having different antigenic specificities (e.g., an isolated anti-
body that specifically binds hDLL4 is substantially free of
antibodies that specifically bind antigens other than hDLL4).
An isolated antibody that specifically binds hDLL4 may,
however, have cross-reactivity to other antigens, such as
DLL4 molecules from other species (e.g., muDLL4). More-
over, an isolated antibody may be substantially free of other
cellular material and/or chemicals.

The term “monoclonal antibody” and abbreviations
“MAb” and “mAb”, as used herein, refers to an antibody
obtained from a population of substantially homogeneous
antibodies, i.e., the individual antibodies comprising the
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population are identical except for possible naturally occur-
ring mutations that may be present in minor amounts. Mono-
clonal antibodies are highly specific, being directed against a
single antigen. Furthermore, in contrast to polyclonal anti-
body preparations that typically include different antibodies
directed against different determinants (epitopes), each mAb
is directed against a single determinant on the antigen. The
modifier “monoclonal” is not to be construed as requiring
production of the antibody by any particular method.

The term “human antibody”, as used herein, is intended to
include antibodies having variable and constant regions
derived from human germline immunoglobulin sequences.
The human antibodies of the invention may include amino
acid residues not encoded by human germline immunoglo-
bulin sequences (e.g., mutations introduced by random or
site-specific mutagenesis in vitro or by somatic mutation in
vivo), for example in the CDRs and in particular CDR3.
However, the term “human antibody”, as used herein, is not
intended to include antibodies in which CDR sequences
derived from the germline of another mammalian species,
such as a mouse, have been grafted onto human framework
sequences.

The term “recombinant human antibody”, as used herein,
is intended to include all human antibodies that are prepared,
expressed, created, or isolated by recombinant means, such as
antibodies expressed using a recombinant expression vector
transfected into a host cell, antibodies isolated from a recom-
binant, combinatorial human antibody library (Hoogenboom,
Trends Biotechnol., 15:62-70 (1997); Azzazy and Highsmith,
Clin. Biochem., 35: 425-445 (2002); Gavilondo and Larrick,
BioTechniques, 29: 128-145 (2000); Hoogenboom and Cha-
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mes, fmmunol. Today, 21: 371-378 (2000)), antibodies iso-
lated from an animal (e.g., a mouse) that is transgenic for
human immunoglobulin genes (see, Taylor et al., Nucl. Acids
Res., 20: 6287-6295 (1992); Kellermann and Green, Curr.
Opin. Biotechnol., 13: 593-597 (2002); Little et al., Immunol.
Today, 21: 364-370 (2000)) or antibodies prepared,
expressed, created or isolated by any other means that
involves splicing of human immunoglobulin gene sequences
to other DNA sequences. Such recombinant human antibod-
ies have variable and constant regions derived from human
germline immunoglobulin sequences. In certain embodi-
ments, however, such recombinant human antibodies are sub-
jected to in vitro mutagenesis (or, when an animal transgenic
for human Ig sequences is used, in vivo somatic mutagenesis)
and thus the amino acid sequences of the VH and VL regions
of the recombinant antibodies are sequences that, while
derived from and related to human germline VH and VL.
sequences, may not naturally exist within the human antibody
germline repertoire in vivo.

The term “chimeric antibody” refers to antibodies which
comprise heavy and light chain variable region sequences
from one species and constant region sequences from another
species, such as antibodies having murine heavy and light
chain variable regions linked to human constant regions.

Asused herein, the term “CDR” refers to a complementary
determining region within antibody variable sequences.
There are three CDRs in each of the variable regions of the
heavy chain and the light chain, which are designated
“CDR1”, “CDR2”, and “CDR3”, for each of the variable
regions. The term “CDR set” as used herein refers to a group
of'three CDRs that occur in a single variable region that binds
the antigen. The exact boundaries of these CDRs have been
defined differently according to different systems. The sys-
tem described by Kabat (Kabat et al., Sequences of Proteins
of Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987) and (1991)) not only provides an unam-
biguous residue numbering system applicable to any variable
region of an antibody, but also provides precise residue
boundaries defining the three CDRs. These CDRs may be
referred to as “Kabat CDRs”. Chothia and coworkers
(Chothia and Lesk, J. Mol. Biol,, 196: 901-917 (1987);
Chothia et al., Nature, 342: 877-883 (1989)) found that cer-
tain sub-portions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despite having great diver-
sity at the level of amino acid sequence. These sub-portions
were designated as “I.17, “L.2”, and “L.3”, or “H1”, “H2”, and
“H3”, where the “L.” and the “H” designate the light chain and
the heavy chain regions, respectively. These regions may be
referred to as “Chothia CDRs”, which have boundaries that
overlap with Kabat CDRs. Other boundaries defining CDRs
overlapping with the Kabat CDRs have been described by
Padlan, FASEB J., 9: 133-139 (1995) and MacCallum, J. Mol.
Biol., 262(5): 732-745 (1996). Still other CDR boundary
definitions may not strictly follow one of the herein systems,
but will nonetheless overlap with the Kabat CDRs, although
they may be shortened or lengthened in light of prediction or
experimental findings that particular residues or groups of
residues or even entire CDRs do not significantly impact
antigen binding. The methods used herein may utilize CDRs
defined according to any of these systems, although certain
embodiments use Kabat or Chothia defined CDRs.

The terms “Kabat numbering,” “Kabat definitions”, and
“Kabat labeling” are used interchangeably herein. These
terms, which are recognized in the art, refer to a system of
numbering amino acid residues which are more variable (i.e.,
hypervariable) than other amino acid residues in the heavy
and light chain variable regions of an antibody, or an antigen
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binding portion thereof (Kabatet al., Ann. NY Acad. Sci., 190:
382-391 (1971) and Kabat et al., Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242
(1991)). For the heavy chain variable region (VH), the hyper-
variable region ranges from amino acid positions 31 to 35 for
CDR1, amino acid positions 50 to 65 for CDR2, and amino
acid positions 95 to 102 for CDR3. For the light chain variable
region (VL), the hypervariable region ranges from amino acid
positions 24 to 34 for CDR1, amino acid positions 50 to 56 for
CDR2, and amino acid positions 89 to 97 for CDR3.

The growth and analysis of extensive public databases of
amino acid sequences of variable heavy and light regions over
the past twenty years have led to the understanding of the
typical boundaries between framework regions (FR) and
CDR sequences within variable region sequences and
enabled persons skilled in this art to accurately determine the
CDRs according to Kabat numbering, Chothia numbering, or
other systems. See, e.g., Martin, “Protein Sequence and
Structure Analysis of Antibody Variable Domains,” In Kon-
termann and Duiibel, eds., Antibody Engineering (Springer-
Verlag, Berlin, 2001), chapter 31, pages 432-433. A useful
method of determining the amino acid sequences of Kabat
CDRs within the amino acid sequences of variable heavy
(VH) and variable light (VL) regions is provided below:

To identify a CDR-L.1 amino acid sequence:

Starts approximately 24 amino acid residues from the

amino terminus of the VL region;

Residue before the CDR-L1 sequence is always cysteine
©)

Residue after the CDR-L1 sequence is always tryptophan
(W) residue, typically Trp-Tyr-Gln (W-Y-Q), but also
Trp-Leu-Gln (W-L-Q), Trp-Phe-Gln (W-F-Q), and Trp-
Tyr-Leu (W-Y-L);

Length is typically 10 to 17 amino acid residues.

To identify a CDR-L.2 amino acid sequence:

Starts always 16 residues after the end of CDR-11;

Residues before the CDR-L.2 sequence are generally Ile-
Tyr (I-Y), but also Val-Tyr (V-Y), lle-Lys (I-K), and
Ile-Phe (I-F);

Length is always 7 amino acid residues.

To identify a CDR-L.3 amino acid sequence:

Starts always 33 amino acids after the end of CDR-[.2;

Residue before the CDR-L.3 amino acid sequence is always
a cysteine (C);

Residues after are always Phe-Gly-X-Gly (F-G-X-G)
(SEQ ID NO:374), where X is any amino acid;

Length is typically 7 to 11 amino acid residues.

To identify a CDR-H1 amino acid sequence:

Starts approximately 31 amino acid residues from amino
terminus of VH region and always 9 residues after a
cysteine (C);

Residues before are always Cys-X-X-X-X-X-X-X-X
(SEQ ID NO:375), where X is any amino acid;

Residue afteris always a Trp (W), typically Trp-Val (W-V),
but also Trp-Ile (W-I), and Trp-Ala (W-A);

Length is typically 5 to 7 amino acid residues.

To identify a CDR-H2 amino acid sequence:

Starts always 15 amino acid residues after the end of CDR-
H1;

Residues before are typically Leu-Glu-Trp-Ile-Gly (L-E-
W-I-G) (SEQ ID NO:376), but other variations also;

Residues after are Lys/Arg-Leu/Ile/Val/Phe/Thr/Ala-Thr/
Ser/lle/Ala (K/R-L/I/V/F/T/A-T/S/T/A);,

Length is typically 16 to 19 amino acid residues.
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To identify a CDR-H3 amino acid sequence:

Starts always 33 amino acid residues after the end of CDR-
H2 and always 3 after a cysteine (C)'

Residues before are always Cys-X-X (C-X-X), where X is
any amino acid, typically Cys-Ala-Arg (C-A-R);

Residues after are always Trp-Gly-X-Gly (W-G-X-G)
(SEQ ID NO:377), where X is any amino acid;

Length is typically 3 to 25 amino acid residues.

The term “CDR-grafted antibody” refers to antibodies
which comprise heavy and light chain variable region
sequences from one species but in which the sequences ofone
or more of the CDR regions of VH and/or VL are replaced
with CDR sequences of another species, such as antibodies
having murine heavy and light chain variable regions in
which one or more of the murine CDRs (e.g., CDR3) has been
replaced with human CDR sequences.

The term “humanized antibody” refers to antibodies which
comprise heavy and light chain variable region sequences
from a non-human species (e.g., a mouse) but in which at least
aportion of the VH and/or VL sequence has been altered to be
more “human-like,” i.e., more similar to human germline
variable sequences. A “humanized antibody” is an antibody
or a variant, derivative, analog, or fragment thereof, which
immunospecifically binds to an antigen of interest and which
comprises a framework (FR) region having substantially the
amino acid sequence of a human antibody and a complemen-
tary determining region (CDR) having substantially the
amino acid sequence of a non-human antibody. As used
herein, the term “substantially” in the context of a CDR refers
to a CDR having an amino acid sequence at least 80%, at least
85%, at least 90%, at least 95%, at least 98% or at least 99%
identical to the amino acid sequence of a non-human antibody
CDR. A humanized antibody comprises substantially all of at
least one, and typically two, variable domains (Fab, Fab',
F(ab") 2, FabC, Fv) in which all or substantially all of the CDR
regions correspond to those of a non-human immunoglobulin
(i.e., donor antibody) and all or substantially all of the frame-
work regions are those of a human immunoglobulin consen-
sus sequence. In an embodiment, a humanized antibody also
comprises at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin. In
some embodiments, a humanized antibody contains both the
light chain as well as at least the variable domain of a heavy
chain. The antibody also may include the CH1, hinge, CH2,
CH3, and CH4 regions of the heavy chain. In some embodi-
ments, a humanized antibody only contains a humanized light
chain. In some embodiments, a humanized antibody only
contains a humanized heavy chain. In specific embodiments,
a humanized antibody only contains a humanized variable
domain of a light chain and/or humanized heavy chain.

A humanized antibody can be selected from any class of
immunoglobulins, including IgM, IgG, IgD, IgA, and IgE,
and any isotype, including without limitation IgG1, 1gG2,
1gG3, and IgG4. A humanized antibody may comprise
sequences from more than one class or isotype, and particular
constant domains may be selected to optimize desired effec-
tor functions using techniques well known in the art.

The framework regions and CDRs of a humanized anti-
body need not correspond precisely to the parental sequences,
e.g., the donor antibody CDR or the consensus framework
may be mutagenized by substitution, insertion, and/or dele-
tion of at least one amino acid residue so that the CDR or
framework residue at that site does not correspond to either
the donor antibody or the consensus framework. In a pre-
ferred embodiment, such mutations, however, will not be
extensive. Usually, at least 80%, preferably at least 85%,
more preferably at least 90%, and most preferably at least
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95% of the humanized antibody residues will correspond to
those of the parental FR and CDR sequences. As used herein,
the term “consensus framework™ refers to the framework
region in the consensus immunoglobulin sequence. As used
herein, the term “consensus immunoglobulin sequence”
refers to the sequence formed from the most frequently occur-
ring amino acids (or nucleotides) in a family of related immu-
noglobulin sequences (See, e.g., Winnaker, From Genes to
Clones (Verlagsgesellschaft, Weinheim, 1987)). A “consen-
sus immunoglobulin sequence” may thus comprise a “con-
sensus framework region(s)” and/or a “consensus CDR(s)”.
In a family of immunoglobulins, each position in the consen-
sus sequence is occupied by the amino acid occurring most
frequently at that position in the family. If two amino acids
occur equally frequently, either can be included in the con-
sensus sequence.

An “affinity matured” antibody is an antibody with one or
more alterations in one or more CDRs thereof which result in
an improvement in the affinity of the antibody for a target
antigen, compared to a parent antibody which does not pos-
sess the alteration(s). Exemplary affinity matured antibodies
will have nanomolar or even picomolar affinities for the target
antigen. A variety of procedures for producing affinity
matured antibodies are known in the art. For example, Marks
et al., BioTechnology, 10: 779-783 (1992) describes affinity
maturation by VH and VL. domain shuffling. Random
mutagenesis of CDR and/or framework residues is described
by Barbas et al., Proc. Nat. Acad. Sci. US4, 91: 3809-3813
(1994); Schieretal., Gene, 169: 147-155 (1995); Yelton et al.,
J. Immunol., 155: 1994-2004 (1995); Jackson et al., J. Immu-
nol., 154(7): 3310-3319 (1995); Hawkins et al, J. Mol. Biol.,
226: 889-896 (1992). Selective mutation at selective
mutagenesis positions and at contact or hypermutation posi-
tions with an activity enhancing amino acid residue is
described in U.S. Pat. No. 6,914,128 B1.

The term “multivalent binding protein” denotes a binding
protein comprising two or more antigen binding sites (also
referred to herein as “antigen binding domains”). A multiva-
lent binding protein is preferably engineered to have three or
more antigen binding sites, and is generally not a naturally
occurring antibody. The term “multispecific binding protein”
refers to a binding protein capable of binding two or more
related or unrelated targets, including a binding protein
capable of binding two or more different epitopes of the same
target molecule.

The term “bispecific antibody”, as used herein, refers to
full-length antibodies that are generated by quadroma tech-
nology (see Milstein et al., Nature, 305(5934): 537-540
(1983)), by chemical conjugation of two different mono-
clonal antibodies (see, Staerz et al., Nature, 314(6012): 628-
631 (1985)), or by knob-into-hole or similar approaches
which introduces mutations in the Fc region (see Holliger et
al., Proc. Natl. Acad. Sci. USA, 90(14): 6444-6448 (1993)),
resulting in multiple different immunoglobulin species of
which only one is the functional bispecific antibody. By
molecular function, a bispecific antibody binds one antigen
(or epitope) on one of its two binding arms (one pair of
HC/LC), and binds a different antigen (or epitope) on its
second arm (a different pair of HC/L.C). By this definition, a
bispecific antibody has two distinct antigen binding arms (in
both specificity and CDR sequences), and is monovalent for
each antigen it binds to.

The term “dual-specific antibody”, as used herein, refers to
full-length antibodies that can bind two different antigens (or
epitopes) in each of its two binding arms (a pair of HC/LC)
(see PCT publication WO 02/02773). Accordingly a dual-
specific binding protein has two identical antigen binding
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arms, with identical specificity and identical CDR sequences,
and is bivalent for each antigen to which it binds.

“Dual variable domain” (“DVD”) binding proteins of the
invention comprise two or more antigen binding sites and
may be divalent (two antigen binding sites), tetravalent (four
antigen binding sites), or multivalent binding proteins. DVDs
may be monospecific, i.e., capable of binding one antigen (or
one specific epitope), or multispecific, i.e., capable of binding
two or more antigens (i.e., two or more epitopes of the same
target antigen molecule or two or more epitopes of different
target antigens). A preferred DVD binding protein comprises
two heavy chain DVD polypeptides and two light chain DVD
polypeptides is referred to as a “DVD immunoglobulin™ or
“DVD-Ig”. Such a DVD-Ig binding protein is thus tetrameric
and reminiscent of an IgG molecule, but provides more anti-
gen binding site than an IgG molecule. Thus, each half of a
tetrameric DVD-Ig molecule is reminiscent of one half of an
IgG molecule and comprises a heavy chain DVD polypeptide
and a light chain DVD polypeptide, but unlike a pair of heavy
and light chains of an IgG molecule that provide a single
antigen binding domain, a pair of heavy and light chains of a
DVD-Ig provide two or more antigen binding sites.

Each antigen binding site of a DVD-Ig binding protein is
derived from a donor (“parental””) monoclonal antibody and
thus comprises a heavy chain variable domain (VH) and a
light chain variable domain (VL) with a total of six CDRs
involved in antigen binding per antigen binding site. Accord-
ingly, a DVD-Ig binding protein that binds two different
epitopes (i.e., two different epitopes of two different antigen
molecules or two different epitopes of the same antigen mol-
ecule) comprises an antigen binding site derived from a first
parental monoclonal antibody and an antigen binding site of
a second parental monoclonal antibody.

A description of the design, expression, and characteriza-
tion of DVD-Ig binding molecules is provided in PCT Pub-
lication No. WO 2007/024715, U.S. Pat. No. 7,612,181, and
Wuet al., Nature Biotech., 25: 1290-1297 (2007). A preferred
example of such DVD-Ig molecules comprises a heavy chain
that comprises the structural formula VD1-(X1)n-VD2-C-
(X2)n, wherein VD1 is a first heavy chain variable domain,
VD2 is a second heavy chain variable domain, C is a heavy
chain constant domain, X1 is a linker with the proviso that it
is not CH1, X2 is an Fc region, and n is 0 or 1, but preferably
1; and a light chain that comprises the structural formula
VD1-(X1)n-VD2-C-(X2)n, wherein VD1 is a first light chain
variable domain, VD2 is a second light chain variable
domain, C is a light chain constant domain, X1 is a linker with
the proviso that it is not CH1, and X2 does not comprise an Fc
region; and n is 0 or 1, but preferably 1. Such a DVD-Ig may
comprise two such heavy chains and two such light chains,
wherein each chain comprises variable domains linked in
tandem without an intervening constant region between vari-
able regions, wherein a heavy chain and a light chain associ-
ate to form tandem functional antigen binding sites, and a pair
of heavy and light chains may associate with another pair of
heavy and light chains to form a tetrameric binding protein
with four functional antigen binding sites. In another
example, a DVD-Ig molecule may comprise heavy and light
chains that each comprise three variable domains (VDI1,
VD2,VD3) linked in tandem without an intervening constant
region between variable domains, wherein a pair of heavy and
light chains may associate to form three antigen binding sites,
and wherein a pair of heavy and light chains may associate
with another pair of heavy and light chains to form a tet-
rameric binding protein with six antigen binding sites.

In a preferred embodiment, a DVD-Ig binding protein
according to the invention not only binds the same target

10

15

20

25

30

35

40

45

50

55

60

65

36

molecules bound by its parental monoclonal antibodies, but
also possesses one or more desirable properties of one or
more of its parental monoclonal antibodies. Preferably, such
an additional property is an antibody parameter of one or
more of the parental monoclonal antibodies. Antibody
parameters that may be contributed to a DVD-Ig binding
protein from one or more of its parental monoclonal antibod-
ies include, but are not limited to, antigen specificity, antigen
affinity, potency, biological function, epitope recognition,
protein stability, protein solubility, production efficiency,
immunogenicity, pharmacokinetics, bioavailability, tissue
cross reactivity, and orthologous antigen binding.

A DVD-Igbinding protein according to the invention binds
at least one epitope of a human DLIL4 protein. Non-limiting
examples of a DVD-Ig binding protein according to the
invention include a DVD-Ig binding protein that binds one or
more epitopes of human DLL4, a DVD-Ig binding protein
that binds an epitope of a human DLI4 and an epitope of a
DLL4 of another species (for example, mouse), and a DVD-
Ig binding protein that binds an epitope of a human DI.1.4 and
an epitope of another target molecule (for example, VEGFR2
or VEGFR1).

A “functional antigen binding site” of a binding protein is
one that is capable of binding a target antigen. The antigen
binding affinity of the antigen binding site is not necessarily
as strong as the parent antibody from which the antigen bind-
ing site is derived, but the ability to bind antigen must be
measurable using any one of a variety of methods known for
evaluating antibody binding to an antigen. Moreover, the
antigen binding affinity of each of the antigen binding sites of
a multivalent antibody herein need not be quantitatively the
same.

As used herein, the terms “acceptor” and “acceptor anti-
body” refer to an antibody or nucleic acid sequence providing
or encoding at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, or 100% of the amino acid sequences of
one or more of the framework regions (FRs). In some embodi-
ments, the term “acceptor” refers to the antibody amino acid
or nucleic acid sequence providing or encoding the constant
region(s). In yet another embodiment, the term “acceptor”
refers to the antibody amino acid or nucleic acid sequence
providing or encoding one or more of the framework regions
and the constant region(s). In a specific embodiment, the term
“acceptor” refers to a human antibody amino acid or nucleic
acid sequence that provides or encodes at least 80%, prefer-
ably, at least 85%, at least 90%, at least 95%, at least 98%, or
100% of the amino acid sequences of one or more of the
framework regions. In accordance with this embodiment, an
acceptor may contain at least 1, at least 2, at least 3, least 4, at
least 5, or at least 10 amino acid residues that does (do) not
occur at one or more specific positions of a human antibody.
An acceptor framework region and/or acceptor constant
region(s) may be, e.g., derived or obtained from a germline
antibody gene, a mature antibody gene, a functional antibody
(e.g., antibodies well-known in the art, antibodies in devel-
opment, or antibodies commercially available).

As used herein, the term “canonical” residue refers to a
residue in a CDR or framework that defines a particular
canonical CDR structure as defined by Chothia et al. (J. Mol.
Biol., 196: 901-917 (1987); Chothia et al., J. Mol. Biol., 227:
799-817 (1992), both are incorporated herein by reference).
According to Chothia et al., critical portions of the CDRs of
many antibodies have nearly identical peptide backbone con-
firmations despite great diversity at the level of amino acid
sequence. Each canonical structure specifies primarily a set of
peptide backbone torsion angles for a contiguous segment of
amino acid residues forming a loop.
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As used herein, the terms “donor” and “donor antibody”
refer to an antibody providing one or more CDRs. In a pre-
ferred embodiment, the donor antibody is an antibody from a
species different from the antibody from which the frame-
work regions are obtained or derived. In the context of a
humanized antibody, the term “donor antibody” refers to a
non-human antibody providing one or more CDRs.

As used herein, the term “framework™ or “framework
sequence” refers to the remaining sequences of a variable
region minus the CDRs. Because the exact definition of a
CDR sequence can be determined by different systems (for
example, see above), the meaning of a framework sequence is
subject to correspondingly different interpretations. The six
CDRs (CDR-L1, -L.2, and -L3 of light chain and CDR-H1,
-H2, and -H3 of heavy chain) also divide the framework
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regions on the light chain and the heavy chain into four
sub-regions (FR1, FR2, FR3, and FR4) on each chain, in
which CDRI1 is positioned between FR1 and FR2, CDR2
between FR2 and FR3, and CDR3 between FR3 and FR4.
Without specifying the particular sub-regions as FR1, FR2,
FR3, or FR4, a framework region, as referred by others,
represents the combined FR’s within the variable region of a
single, naturally occurring immunoglobulin chain. As used
herein, a FR represents one of the four sub-regions, and FRs
represents two or more of the four sub-regions constituting a
framework region.

Human heavy chain and light chain acceptor sequences are
known in the art. In one embodiment of the invention the
human heavy chain and light chain acceptor sequences are
selected from the sequences described in Table 2 and Table 3.

TABLE 2

Hea Chain Acceptor Sequences

Protein region/

Sequence

SEQ ID NO.: Closest Germline Family 12345678901234567890123456789012

6 VH2-70/JH6 FRL EVTLRESGPALVKPTQTLTLTCTFSGFSLS
7 VH2-70/JH6 FR2 WIRQPPGKALEWLA
8 VH2-70/JH6 FR3 RLTISKDTSKNQVVL TMTNMDPVDTATY YCAR
9 VH2-70/JH6 FR4 WGQGTTVTVSS

10 VH2-26/JH6 FRL EVTLKESGPVLVKPTETLTLTCTVSGFSLS
7 VH2-26/JH6 FR2 WIRQPPGKALEWLA

11 VH2-26/JH6 FR3 RLTISKDTSKSQVVLTMTNMDPVDTATY YCAR
9 VH2-26/JH6 FR4 WGQGTTVTVSS

12 VH3-72/JH6 FRL EVQLVESGGGLVQPGGSLRLSCAASGFTFS
13 VH3-72/JH6 FR2 WVRQAPGKGLEWVG

14 VH3-72/JH6 FR3 RFTISRDDSKNSLYLQMNSLKTEDTAVYYCAR
9 VH3-72/JH6 FR4 WGQGTTVTVSS

15 VH3-21/JH6 FRL EVQLVESGGGLVKPGGSLRLSCAASGFTFS
16 VH3-21/JH6 FR2 WVRQAPGKGLEWVS

17 VH3-21/JH6 FR3 RFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR
9 VH3-21/JH6 FR4 WGQGTTVTVSS

18 VH1-69/JH6 FRL EVQLVQSGAEVKKPGSSVKVSCKASGATFS
19 VH1-69/JH6 FR2 WVRQAPGQGLEWMG

20 VH1-69/JH6 FR3 RVTITADKSTSTAYMELSSLRSEDTAVYYCAR
9 VH1-69/JH6 FR4 WGQGTTVTVSS

21 VH1-18/JH6 FR1 EVQLVQSGAEVKKPGASVKVSCKASGYTFT
19 VH1-18/JH6 FR2 WVRQAPGQGLEWMG

22 VH1-18/JH6 FR3 RVTMTTDTSTSTAYMELRSLRSDDTAVYYCAR
9 VH1-18/JH6 FR4 WGQGTTVTVSS

35 IGHV4-59 FR1 EVQLQESGPGLVKPSETLSLTCTVSGGSIS

36 IGHV4-59 FR2 WIRQPPGKGLEWIG

37 IGHV4-59 FR3 RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

38 IGHV4-59/JH FR4 WGQGTLVTVSS
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TABLE 2-continued

Heavy Chain Acceptor Seguencesg

Protein region/

Sequence

40

SEQ ID NO.: Closest Germline Family 12345678901234567890123456789012
39 IGHV3-66 FW1 EVQLVESGGGLVQPGGSLRLSCAVSGGSIS
40 IGHV3-66 FW2 WIRQAPGKGLEWIG
41 IGHV3-66 FW3 RVTISVDTSKNSFYLOMNSLRAEDTAVYYCAR
42 IGHV3-66/JH FW4 WGQGTLVTVSS
43 IGHV4-59 FR1 EVQLQESGPGLVKPGETLSLTCTVSGGSIS
44 IGHV4-59 FR2 WIRQAPGKGLEWIG
45 IGHV4-59 FR3 RVTISVDTSKNQFYLKLSSVRAEDTAVYYCAR
46 IGHV4-59/JH FR4 WGQGTLVTVSS
47 IGHV5-51 FR1 EVQLVQSGTEVKKPGESLKISCKVSGGSIS
48 IGHV5-51 FR2 WIRQMPGKGLEWIG
49 IGHV5-51 FR3 QVTISVDTSFNTFFLQWSSLKASDTAMYYCAR
50 IGHV5-51/JH FR4 WGQGTMVTVSS
51 IGHV2-70 FR1 EVTLRESGPALVKPTQTLTLTCTVSGGSIS
52 IGHV2-70 FR2 WIRQPPGKGLEWIG
53 IGHV2-70 FR3 RVTISVDTSKNQFVLTMTNMDPVDTATYYCAR
54 IGHV2-70/JH FR4 WGQGTTVTVSS
55 IGHV3-15 FR1 EVQLLESGGGLVKSGGSLRLSCAASGFTFR
56 IGHV3-15 FR2 WVRQAPGKGLEWVA
57 IGHV3-15 FR3 RFTISRDNSKNTLYLQLNSLRAEDTAVYYCAK
58 IGHV3-15/JH FR4 WGQGTMVTVSS
59 IGHV3-43 FR1 EVQLVESGGGVVQPGGSLRLSCAASGFTFG
60 IGHV3-43 FR2 WVRQAPGKGLEWVA
61 IGHV3-43 FR3 RFTISRDNSKNTLYLQLNSLRAEDTAVYYCAK
62 IGHV3-43/JH FR4 WGQGTMVTVSS

TABLE 3
Light Chain Acceptor Sequencesg
SEQ Protein region/ Sequence
ID NO.: Closest Germline Family 12345678901234567890123456789012
23 B3/JK4 FR1 DIVMTQSPDSLAVSLGERATINC
24 B3/JK4 FR2 WYQQOKPGOPPKLLIY
25 B3/JK4 FR3 GVPDRFSGSGSGTDFTLTISSLQAEDVAVYYC
26 B3/JK4 FR4 FGGGTKVEIKR
27 L2/JK4 FR1 EIVMTQSPATLSVSPGERATLSC
28 L2/JK4 FR2 WYQQOKPGOAPRLLIY
29 L2/JK4 FR3 GIPARFSGSGSGTEFTLTISSLQSEDFAVYYC
26 L2/JK4 FR4 FGGGTKVEIKR
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TABLE 3-continued

Light Chain Acceptor Seguences

SEQ
ID NO. :

Protein region/ Sequence

Closest Germline Family 12345678901234567890123456789012

30

31

32

26

33

34

32

26

63

64

65
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69
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72

73

74

75
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79

80

81

82

83

84

85

86

87
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89

90
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92

L15/JK4 FR1
L15/JK4 FR2
L15/JK4 FR3
L15/JK4 FR4
L5/JK4 FR1
L5/JK4 FR2
L5/JK4 FR3
L5/JK4 FR4
IGLV3-1 FR1
IGLV3-1 FR2
IGLV3-1 FR3
IGLV3-1/JL FR4
IGLV3-1 FR1
IGLV3-1 FR2
IGLV3-1 FR3
IGLV3-1/JL FR4
IGLV3-1 FR1
IGLV3-1 FR2
IGLV3-1 FR3
IGLV3-1/JL FR4
IGLV3-1 FR1
IGLV3-1 FR2
IGLV3-1 FR3
IGLV3-1/JL FR4
IGKV6D-21 FR1
IGKV6D-21 FR2

IGKV6D-21 FR3

IGKV6D-21/JK FR4

IGKV3D-15 FR1

IGKV3D-15 FR2

IGKV3D-15 FR3

IGKV3D-15/JK FR4

IGKV4-1 FR1
IGKV4-1 FR2
IGKV4-1 FR3
IGKV4-1/JK FR4
IGLV3-1 FR1

IGLV3-1 FR2

DIQMTQSPSSLSASVGDRVTITC

WYQQKPEKAPKSLIY

GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC

FGGGTKVEIKR

DIQMTQSPSSVSASVGDRVTITC

WYQQKPGKAPKLLIY

GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC

FGGGTKVEIKR

SYELTQPPSVSVSPGQTASITC

WYQQKPGQSPVLVIY

GIPERFSGSNSGDTATLTISGTQPMDEADYYC

FGYGTKVTVL

SYELTQPPSVSVSPGQTASITC

WYQQKPGQSPVLVIY

GIPERFSGSNSGDTATLTISGTQPMDEADYYC

GGGTKLTVLG

YELTQPPSVSVSPGQTASITC

WYQQKPGQSPVLVIY

GIPERFSGSNSGDTATLTISGTQPMDEADYYC

GGGTKLTVLG

LYVLTQPPSVSVSPGQTASITC

WYQQKPGQSPVLVIY

GIPERFSGSNSGDTATLTISGTQTMDEADYLC

FGGGTKVTVLG

EYVLTQSPDFQSVTPKEKVTITC

WYQQKPDQSPKLVIY

GVPSRFSGSNSGDDATLTINSLEAEDAATYYC

FGQGTKVEIKR

EYVLTQSPATLSVSPGERATLSC

WYQQKPGQSPRLVIY

DIPARFSGSNSGDEATLTISSLQSEDFAVYYC

FGQGTRLEIKR

DYVLTQSPDSLAVSLGERATINC

WYQQKPGQSPKLVIY

GIPDRFSGSNSGDDATLTISSLQAEDVAVYYC

FGGGTKVEIKR

LPVLTQPPSVSVSPGQTASITC

WYQQKPGQSPVLVIY

42
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TABLE 3-continued

44

Light Chain Acceptor Seguences

SEQ Protein region/ Sequence

ID NO.: Closest Germline Family 12345678901234567890123456789012
93 IGLV3-1 FR3 GIPERFSGSNSGNTATLTISGTQTMDEADYLC
94 IGLV3-1/JL FR4 FGGGTKVTVL
95 IGLV3-1 FR1 SYELTQPPSVSVSPGQTASITC
96 IGLV3-1 FR2 WYQQKPGQSPVLVIY
97 IGLV3-1 FR3 GIPERFSGSNSGNTATLTISGTQTMDEADYLC
98 IGLV3-1/JL FR4 FGGGTKLTVL

As used herein, the term “germline antibody gene” or
“gene fragment” refers to an immunoglobulin sequence
encoded by non-lymphoid cells that have not undergone the
maturation process that leads to genetic rearrangement and
mutation for expression of a particular immunoglobulin.
(See, e.g., Shapiro et al., Crit. Rev. Immunol., 22(3): 183-200
(2002); Marchalonis et al., Adv. Exp. Med. Biol., 484:13-30
(2001)). One of the advantages provided by various embodi-
ments of the present invention stems from the recognition that
germline antibody genes are more likely than mature anti-
body genes to conserve essential amino acid sequence struc-
tures characteristic of individuals in the species, hence less
likely to be recognized as from a foreign source when used
therapeutically in that species.

As used herein, the term “key residue” refers to certain
residues within the variable region that have more impact on
the binding specificity and/or affinity of an antibody, in par-
ticular a humanized antibody. A key residue includes, but is
not limited to, one or more of the following: a residue that is
adjacent to a CDR, a potential glycosylation site (can be
either N- or O-glycosylation site), a rare residue, a residue
capable of interacting with the antigen, a residue capable of
interacting with a CDR, a canonical residue, a contact residue
between heavy chain variable region and light chain variable
region, a residue within the Vernier zone, and a residue in the
region that overlaps between the Chothia definition of a vari-
able heavy chain CDR/and the Kabat definition of the first
heavy chain framework.

As used herein, “Vernier” zone refers to a subset of frame-
work residues that may adjust CDR structure and fine-tune
the fit to antigen as described by Foote and Winter (J. Mol.
Biol., 224: 487-499 (1992)). Vernier zone residues form a
layer underlying the CDRs and may impact on the structure of
CDRs and the affinity of the antibody.

As used herein, the term “neutralizing” refers to counter-
acting the biological activity of an antigen when a binding
protein specifically binds the antigen. In an embodiment, the
neutralizing binding protein binds an antigen reduces its bio-
logically activity by at least about 20%, 40%, 60%, 80%,
85%, or more.

The term “activity” includes activities such as the binding
specificity/affinity of an antibody for an antigen, for example,
ananti-hDLL4 antibody that binds to an DLL4 antigen and/or
the neutralizing potency of an antibody, or an anti-hDL.I.4
antibody whose binding to hDLL4 inhibits the biological
activity of hDLL4, e.g. inhibition of receptor binding in a
ligand-receptor binding assay or inhibition of receptor acti-
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vation in a human Notch reporter assay, or stimulation of
endothelial cell proliferation in a endothelial cell sprouting
assay.

The term “epitope” includes any polypeptide determinant
that specifically binds to an immunoglobulin or T-cell recep-
tor. In certain embodiments, epitope determinants include
chemically active surface groupings of molecules such as
amino acids, sugar side chains, phosphoryl, or sulfonyl, and,
in certain embodiments, may have specific three dimensional
structural characteristics, and/or specific charge characteris-
tics. An epitope is a region of an antigen that is bound by an
antibody. An epitope thus consists of the amino acid residues
of'a region of an antigen (or fragment thereof) known to bind
to the complementary site on the specific binding partner. An
antigen or antigenic fragment can contain more than one
epitope. Thus, it is understood by persons skilled in this art
that every “antigen binding site” of an antibody molecule
binds an epitope of an antigen molecule and every antigen
molecule may have one, two, several, or many epitopes.
Moreover, it is understood by persons skilled in this art that
two independently isolated antibodies to an antigen molecule
may bind at the same epitope or at two different epitopes on
the antigen molecule.

In certain embodiments, an antibody is said to specifically
bind an antigen when it recognizes its target antigen in a
complex mixture of proteins and/or macromolecules. Anti-
bodies are said to “bind to the same epitope” if the antibodies
cross-compete (one prevents the binding or modulating effect
of the other). In addition, structural definitions of epitopes
(overlapping, similar, identical) are informative, but func-
tional definitions are often more relevant as they encompass
structural (binding) and functional (modulation, competition)
parameters.

The term “surface plasmon resonance,” as used herein,
refers to an optical phenomenon that allows for the analysis of
real-time biospecific interactions by detection of alterations
in protein concentrations within a biosensor matrix, for
example using the BIAcore® system (BlAcore International
AB, a GE Healthcare company, Uppsala, Sweden and Piscat-
away, N.J. US). For further descriptions, see Jonsson et al.,
Ann. Biol. Clin., 51: 19-26 (1993); Jonsson et al. BioTech-
niques, 11: 620-627 (1991); Johnsson et al., J. Mol. Recognit.,
8:125-131 (1995); and Johnsson et al., Aral. Biochem., 198:
268-277 (1991).

The term “K ", as used herein, is intended to refer to the
on rate constant for association of a binding protein (e.g., an
antibody) to a cognate partner (e.g., an antigen) to form a
binding partner/cognate partner (e.g., antibody/antigen) com-
plex as is known in the art. The “K_,,” also is known by the
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terms “association rate constant,” or “k,” as used inter-
changeably herein. This value indicating the binding rate of
an antibody to its target antigen or the rate of complex for-
mation between an antibody and antigen also is shown by the
equation:

Antibody(“Ab”)+Antigen(“Ag”)—Ab-Ag.

The term “K,” as used herein, is intended to refer to the
off rate constant for dissociation of a binding protein (e.g., an
antibody) from the, e.g., antibody/antigen complex as is
known in the art. The “K,/” also is known by the terms
“dissociation rate constant” or “k,;” as used interchangeably
herein. This value indicates the dissociation rate of an anti-
body from its target antigen or separation of Ab-Ag complex
over time into free antibody and antigen as shown by the
equation below:

Ab+Ag<Ab-Ag.

The terms “equilibrium dissociation constant” or “K,”, as
used interchangeably herein, refer to the value obtained in a
titration measurement at equilibrium, or by dividing the dis-
sociation rate constant (K_ ) by the association rate constant
(K,,)- The association rate constant, the dissociation rate
constant, and the equilibrium dissociation constant are used
to represent the binding affinity of an antibody to an antigen.
Methods for determining association and dissociation rate
constants are well known in the art. Using fluorescence-based
techniques offers high sensitivity and the ability to examine
samples in physiological buffers at equilibrium. Other experi-
mental approaches and instruments such as a BlAcore® sur-
face plasmon resonance (biomolecular interaction analysis)
assay can be used (e.g., instrument available from BlAcore
International AB, a GE Healthcare company, Uppsala, Swe-
den). Additionally, a KinExA® (Kinetic Exclusion Assay)
assay, available from Sapidyne Instruments (Boise, 1d.) can
also be used.

“Label” and “detectable label” mean a moiety attached to a
specific binding partner, such as an antibody or an analyte
bound by the antibody, e.g., to render the reaction between
members of a specific binding pair, such as an antibody and an
analyte, detectable. The specific binding partner, e.g., anti-
body or analyte, so labeled is referred to as “detectably
labeled”. Thus, the term “labeled binding protein” as used
herein, refers to a protein with a label incorporated that pro-
vides for the identification of the binding protein. In an
embodiment, the label is a detectable marker that can produce
a signal that is detectable by visual or instrumental means,
e.g., incorporation of a radiolabeled amino acid or attachment
to a polypeptide of biotinyl moieties that can be detected by a
marked avidin (e.g., an avidin or a streptavidin containing a
fluorescent marker or enzymatic activity that can be detected
by optical or colorimetric methods). Examples of labels for
polypeptides include, but are not limited to, the following:
radioisotopes or radionuclides (e.g., *H **C, *°S, °°Y, *°Tc,
1y, 1257, 131 177y, 'SHo, and **Sm); chromogens, fiuo-
rescent labels (e.g., FITC, rhodamine, and lanthanide phos-
phors), enzymatic labels (e.g., horseradish peroxidase,
luciferase, alkaline phosphatase); chemiluminescent mark-
ers; biotinyl groups; predetermined polypeptide epitopes rec-
ognized by a secondary reporter (e.g., leucine zipper pair
sequences, binding sites for secondary antibodies, metal
binding domains, and epitope tags); and magnetic agents,
such as gadolinium chelates. Representative examples of
labels commonly employed for immunoassays include moi-
eties that produce light, e.g., acridinium compounds, and
moieties that produce fluorescence, e.g., fluorescein. Other
labels are known in the art or described herein. In this regard,
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the moiety itself may not be detectably labeled but may
become detectable upon reaction with yet another moiety.
Use of “detectably labeled” is intended to encompass the
latter type of detectable labeling.

The term “antibody conjugate” refers to a binding protein,
such as an antibody, chemically linked to a second chemical
moiety, such as a therapeutic or cytotoxic agent. The term
“agent” is used herein to denote a chemical compound, a
mixture of chemical compounds, a biological macromol-
ecule, or an extract made from biological materials. Prefer-
ably, the therapeutic or cytotoxic agents include, but are not
limited to, pertussis toxin, taxol, cytochalasin B, gramicidin
D, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicine, doxorubicin,
daunorubicin, dihydroxy anthracin dione, mitoxantrone,
mithramycin, actinomycin D, 1-dehydrotestosterone, gluco-
corticoids, procaine, tetracaine, lidocaine, propranolol, and
puromycin and analogs or homologs thereof.

The terms “crystal” and “crystallized” as used herein, refer
to a binding protein (e.g., an antibody), or antigen binding
portion thereof, that exists in the form of a crystal. Crystals
are one form of the solid state of matter, which is distinct from
other forms such as the amorphous solid state or the liquid
crystalline state. Crystals are composed of regular, repeating,
three-dimensional arrays of atoms, ions, molecules (e.g., pro-
teins such as antibodies), or molecular assemblies (e.g., anti-
gen/antibody complexes, including Fab/antigen complexes).
These three-dimensional arrays are arranged according to
specific mathematical relationships that are well-understood
in the field. The fundamental unit, or building block, that is
repeated in a crystal is called the asymmetric unit. Repetition
of the asymmetric unit in an arrangement that conforms to a
given, well-defined crystallographic symmetry provides the
“unit cell” of the crystal. Repetition of the unit cell by regular
translations in all three dimensions provides the crystal. See,
Giegé et al., In Crystallization of Nucleic Acids and Proteins,
a Practical Approach, 2nd ed., (Ducruix and Giegé, eds.)
(Oxford University Press, New York, 1999), chapter 1, pages
1-16.

The term “polynucleotide” means a polymeric form of two
or more nucleotides, either ribonucleotides or deoxyribo-
nucleotides or a modified form of either type of nucleotide.
The term includes single and double stranded forms of DNA.

The term “isolated polynucleotide” shall mean a poly-
nucleotide (e.g., of genomic, cDNA, or synthetic origin, or
some combination thereof) that, by virtue of its origin, the
“isolated polynucleotide™ is not associated with all or a por-
tion of a polynucleotide with which the “isolated polynucle-
otide” is found in nature; is operably linked to a polynucle-
otide that it is not linked to in nature; or does not occur in
nature as part of a larger sequence.

The term “vector,” is intended to refer to a nucleic acid
molecule capable of transporting another nucleic acid to
which it has been linked One type of vector is a “plasmid”,
which refers to a circular double stranded DNA loop into
which additional DNA segments may be ligated. Another
type of vector is a viral vector, wherein additional DNA
segments may be ligated into the viral genome. Certain vec-
tors are capable of autonomous replication in a host cell into
which they are introduced (e.g., bacterial vectors having a
bacterial origin of replication and episomal mammalian vec-
tors). Other vectors (e.g., non-episomal mammalian vectors)
can be integrated into the genome of a host cell upon intro-
duction into the host cell, and thereby are replicated along
with the host genome. Moreover, certain vectors are capable
of directing the expression of genes to which they are opera-
tively linked Such vectors are referred to herein as “recom-
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binant expression vectors” (or simply, “expression vectors”).
In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids. In the present
specification, “plasmid” and “vector” may be used inter-
changeably as the plasmid is the most commonly used form of
vector. However, the invention is intended to include such
other forms of expression vectors, such as viral vectors (e.g.,
replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions. RNA
versions of vectors (including RNA viral vectors) may also
find use in the invention.

The term “operably linked” refers to a juxtaposition
wherein the components described are in a relationship per-
mitting them to function in their intended manner. A control
sequence “operably linked” to a coding sequence is ligated in
such a way that expression of the coding sequence is achieved
under conditions compatible with the control sequences.
“Operably linked” sequences include expression control
sequences that are contiguous with a gene of interest, expres-
sion control sequences that act in trans, i.e., located on a
different nucleic acid molecule than a gene of interest, as well
as expression control sequences that are located on the same
nucleic acid molecule as, but at a distance from, a gene of
interest. The term “expression control sequence” as used
herein refers to polynucleotide sequences which are neces-
sary to effect the expression and processing of coding
sequences to which they are ligated. Expression control
sequences include appropriate transcription initiation, termi-
nation, promoter and enhancer sequences; efficient RNA pro-
cessing signals such as splicing and polyadenylation signals;
sequences that stabilize cytoplasmic mRNA; sequences that
enhance translation efficiency (i.e., Kozak consensus
sequence); sequences that enhance protein stability; and
when desired, sequences that enhance protein secretion. The
nature of such control sequences differs depending upon the
host organism; in prokaryotes, such control sequences gen-
erally include a promoter, a ribosomal binding site, and a
transcription termination sequence; in eukaryotes, generally,
such control sequences include a promoter and a transcription
termination sequence. The term “control sequences” is
intended to include components whose presence is essential
for expression and processing, and can also include additional
components whose presence is advantageous, for example,
leader sequences and fusion partner sequences.

“Transformation,” refers to any process by which exog-
enous nucleic acid (e.g., a DNA molecule) enters a host cell.
Transformation may occur under natural or artificial condi-
tions using various methods well known in the art. Transfor-
mation may rely on any known method for the insertion of
foreign nucleic acid sequences into a prokaryotic or eukary-
otic host cell. The method is selected based on the host cell
being transformed and may include, but is not limited to,
plasmid uptake across a cellular membrane, viral infection,
electroporation, lipofection, and particle bombardment. Such
“transformed” cells include stably transformed cells in which
the inserted DNA is capable of replication either as an autono-
mously replicating plasmid or as part of the host chromo-
some. They also include cells which transiently express the
inserted DNA or RNA for limited periods of time.

The term “recombinant host cell” (or simply “host cell”), is
intended to refer to a cell into which exogenous DNA has
been introduced. In an embodiment, the host cell comprises
two or more (e.g., multiple) nucleic acids encoding antibod-
ies, such as, by way of non-limiting example, the host cells
described in U.S. Pat. No. 7,262,028. Such terms are intended
to refer not only to the particular subject cell, but, also to the
progeny of such a cell. Because certain modifications may
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occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be
identical to the parent cell, but are still included within the
scope of the term “host cell” as used herein. In an embodi-
ment, host cells include prokaryotic and eukaryotic cells
selected from any of the Kingdoms of life. In another embodi-
ment, eukaryotic cells include protist, fungal, plant and ani-
mal cells. In another embodiment, host cells include but are
not limited to prokaryotic species, such Escherichia coli,
mammalian cell lines, such as CHO, HEK 293, COS, NSO,
SP2, and PER.C6; the insect cell line Sf9; and fungal cell
species, such as Saccharomyces cerevisiae.

Standard techniques may be used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and transforma-
tion (e.g., electroporation, lipofection). Enzymatic reactions
and purification techniques may be performed according to
manufacturer’s specifications or as commonly accomplished
inthe artor as described herein. The foregoing techniques and
procedures may be generally performed according to conven-
tional methods well known in the art and as described in
various general and more specific references that are cited and
discussed throughout the present specification. See, e.g.,
Sambrook et al., Molecular Cloning: A Laboratory Manual,
second ed. (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, 1989).

“Transgenic organism,” as known in the art, refers to an
organism having cells that contain a transgene, wherein the
transgene introduced into the organism (or an ancestor of the
organism) expresses a polypeptide not naturally expressed in
the organism. A “transgene” is a DNA construct, which is
stably and operably integrated into the genome of a cell from
which a transgenic organism develops, directing the expres-
sion of an encoded gene product in one or more cell types or
tissues of the transgenic organism.

The term “regulate” and “modulate” are used interchange-
ably, and, as used herein, refers to a change or an alteration in
the activity of a molecule of interest (e.g., the biological
activity of hDLL4). Modulation may be an increase or a
decrease in the magnitude of a certain activity or function of
the molecule of interest. Exemplary activities and functions
of'a molecule include, but are not limited to, binding charac-
teristics, enzymatic activity, cell receptor activation, and sig-
nal transduction.

Correspondingly, the term “modulator,” as used herein, is a
compound capable of changing or altering an activity or
function of a molecule of interest (e.g., the biological activity
ot hDLL4). For example, a modulator may cause an increase
or decrease in the magnitude of a certain activity or function
of' a molecule compared to the magnitude of the activity or
function observed in the absence of the modulator. In certain
embodiments, a modulator is an inhibitor, which decreases
the magnitude of at least one activity or function of a mol-
ecule. Exemplary inhibitors include, but are not limited to,
proteins, peptides, antibodies, peptibodies, carbohydrates or
small organic molecules. Peptibodies have been described.
See, e.g., PCT Publication No. WO01/83525.

The term “agonist”, as used herein, refers to a modulator
that, when contacted with a molecule of interest, causes an
increase in the magnitude of a certain activity or function of
the molecule compared to the magnitude of the activity or
function observed in the absence of the agonist. Particular
agonists of interest may include, but are not limited to, mem-
bers of the Notch-signaling pathway, DL.L4 polypeptides and
nucleic acids, carbohydrates, or any other molecules that bind
to DLLA.

The term “antagonist” or “inhibitor”, as used herein, refers
to a modulator that, when contacted with a molecule of inter-
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est causes a decrease in the magnitude of a certain activity or
function of the molecule compared to the magnitude of the
activity or function observed in the absence of the antagonist.
Particular antagonists of interest include those that block or
modulate the biological or immunological activity of DLL4,
especially human DLL4 (hDLIL4). Antagonists and inhibitors
of hDLL4 may include, but are not limited to, proteins,
nucleic acids, carbohydrates, or any other molecule, which
binds to hDLL4 and/or rodent DLL4.

As used herein, the term “effective amount” refers to the
amount of a therapy that is sufficient to reduce or ameliorate
the severity and/or duration of a disorder or one or more
symptoms thereof; inhibit or prevent the advancement of a
disorder; cause regression of a disorder; inhibit or prevent the
recurrence, development, onset, or progression of one or
more symptoms associated with a disorder; detect a disorder;
or enhance or improve the prophylactic or therapeutic
effect(s) of another therapy (e.g., prophylactic or therapeutic
agent).

“Patient” and “subject” may be used interchangeably
herein to refer to an animal, such as a mammal, including a
primate (for example, a human, a monkey, and a chimpan-
zee), a non-primate (for example, a cow, a pig, a camel, a
llama, a horse, a goat, a rabbit, a sheep, a hamster, a guinea
pig, a cat, a dog, a rat, a mouse, and a whale), a bird (e.g., a
duck or a goose), and a shark. Preferably, a patient or subject
is a human, such as a human being treated or assessed for a
disease, disorder, or condition; a human at risk for a disease,
disorder, or condition; a human having a disease, disorder, or
condition; and/or human being treated for a disease, disorder,
or condition. More preferably, a patient or subject is being
treated or assessed for cancer or other disease in which the
existing aberrant DLL4 expression supports the cancer or
other disease and inhibition or disruption of DLL4 activity is
desirable to treat the cancer or other disease.

The term “sample,” as used herein, is used in its broadest
sense. A “biological sample,” as used herein, includes, but is
not limited to, any quantity of a substance from a living thing
or formerly living thing. Such living things include, but are
not limited to, humans, mice, rats, monkeys, dogs, rabbits and
other animals. Such substances include, but are not limited to,
blood, (e.g., whole blood), plasma, serum, urine, amniotic
fluid, synovial fluid, endothelial cells, leukocytes, mono-

cytes, other cells, organs, tissues, bone marrow, lymph nodes
and spleen.
“Component,” “components,” and “at least one compo-

nent,” refer generally to a capture antibody, a detection or
conjugate antibody, a control, a calibrator, a series of calibra-
tors, a sensitivity panel, a container, a buffer, a diluent, a salt,
an enzyme, a co-factor for an enzyme, a detection reagent, a
pretreatment reagent/solution, a substrate (e.g., as a solution),
a stop solution, and the like that can be included in a kit for
assay of atest sample, such as a patient urine, serumor plasma
sample, in accordance with the methods described herein and
other methods known in the art. Thus, in the context of the
present disclosure, “at least one component,” “component,”
and “components” can include a polypeptide or other analyte
as above, such as acomposition comprising an analyte such as
a polypeptide, which is optionally immobilized on a solid
support, such as by binding to an anti-analyte (e.g., anti-
polypeptide) antibody. Some components can be in solution
or lyophilized for reconstitution for use in an assay.

“Risk” refers to the possibility or probability of a particular
event occurring either presently or at some point in the future.
“Risk stratification” refers to an array of known clinical risk
factors that allows physicians to classify patients into a low,
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moderate, high or highest risk of developing a particular
disease, disorder or condition.

“Specific” and “specificity” in the context of an interaction
between members of a specific binding pair (e.g., an antigen
or fragment thereof and an antibody or antigen binding frag-
ment thereof) refer to the selective reactivity of the interac-
tion. The phrase “specifically binds to” and analogous
phrases refer to the ability of antibodies (or antigen binding
fragments thereof) to bind specifically to a molecule of inter-
est (or a fragment thereof) and not bind specifically to other
entities.

“Specific binding partner” is a member of a specific bind-
ing pair. A specific binding pair comprises two difterent mol-
ecules, which specifically bind to each other through chemi-
cal or physical means. Therefore, in addition to antigen and
antibody specific binding pairs, other specific binding pairs
can include biotin and avidin (or streptavidin), carbohydrates
and lectins, complementary nucleotide sequences, effector
and receptor molecules, cofactors and enzymes, enzyme
inhibitors and enzymes, and the like. Furthermore, specific
binding pairs can include members that are analogs of the
original specific binding members, for example, an analyte-
analog. Immunoreactive specific binding members include
antigens, antigen fragments, and antibodies, including mono-
clonal and polyclonal antibodies as well as complexes, frag-
ments, and variants (including fragments of variants) thereof,
whether isolated or recombinantly produced.

“Variant” as used herein means a polypeptide that differs
from a given polypeptide (e.g., DLL4 polypeptide or anti-
DLIL4 antibody) in amino acid sequence by the addition (e.g.,
insertion), deletion, or conservative substitution of amino
acids, but that retains the biological activity of the given
polypeptide (e.g., a variant DL.L4 may compete with a wild-
type DLL4 for binding with an anti-DLIL4 antibody if the
variant DLL4 retains the original antibody binding site
(epitope) of the wildtype DLL4). A conservative substitution
of'an amino acid, i.e., replacing an amino acid with a different
amino acid of similar properties (e.g., hydrophilicity and
degree and distribution of charged regions) is recognized in
the art as typically involving a minor change. These minor
changes can be identified, in part, by considering the hydro-
pathic index of amino acids, as understood in the art (see, e.g.,
Kyte et al., J. Mol. Biol., 157: 105-132 (1982)). The hydro-
pathic index of an amino acid is based on a consideration ofits
hydrophobicity and charge. It is known in the art that amino
acids of similar hydropathic indexes can be substituted and
still retain protein function. In one aspect, amino acids having
hydropathic indexes of £2 are substituted. The hydrophilicity
of amino acids also can be used to reveal substitutions that
would result in proteins retaining biological function. A con-
sideration of the hydrophilicity of amino acids in the context
of a peptide permits calculation of the greatest local average
hydrophilicity of that peptide, a useful measure that has been
reported to correlate well with antigenicity and immunoge-
nicity (see, e.g., U.S. Pat. No. 4,554,101). Substitution of
amino acids having similar hydrophilicity values can result in
peptides retaining biological activity, for example immuno-
genicity, as is understood in the art. In one aspect, substitu-
tions are performed with amino acids having hydrophilicity
values within +2 of each other. Both the hydrophobicity index
and the hydrophilicity value of amino acids are influenced by
the particular side chain of that amino acid. Consistent with
that observation, amino acid substitutions that are compatible
with biological function are understood to depend on the
relative similarity of the amino acids, and particularly the side
chains of those amino acids, as revealed by the hydrophobic-
ity, hydrophilicity, charge, size, and other properties. “Vari-
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ant” also can be used to describe a polypeptide or fragment
thereof that has been differentially processed, such as by
proteolysis, phosphorylation, or other post-translational
modification, yet retains its biological activity or antigen
reactivity, e.g., the ability to bind to DLL4. Use of “variant”
herein is intended to encompass fragments of a variant unless
otherwise contradicted by context.

The term “sample”, as used herein, is used in its broadest
sense. A “biological sample”, as used herein, includes, but is
not limited to, any quantity of a substance from a living thing
or formerly living thing. Such living things include, but are
not limited to, humans, mice, rats, monkeys, dogs, rabbits and
other animals. Such substances include, but are not limited to,
blood, serum, urine, synovial fluid, cells, organs, tissues,
bone marrow, lymph nodes, and spleen.

1. Antibodies that Bind Human DLLA4.

One aspect of the present invention provides isolated
human monoclonal antibodies, or antigen-binding portions
thereof, that bind to DLL4 with high affinity, a slow off rate,
and/or high neutralizing capacity. Advantageously, such
human antibodies or antigen-binding portions thereof that
bind DLIL4 find use as human therapeutic agents that can be
administered to a human patient with minimal or no response
by the patient’s immune system toward the administered
therapeutic DLL4 binding protein. Accordingly, a patient
may obtain the benefit of such fully human DLL4 binding
proteins over the course of repeated administrations. Other
aspects of the invention provide chimeric antibodies that bind
DLL4 and CDR grafted antibodies, or antigen-binding por-
tions thereof, that bind DLI4. Preferably, the antibodies, or
portions thereof, are isolated antibodies. Preferably, the anti-
bodies of the invention are neutralizing human anti-DL.I4
antibodies.

A. Method of Making Anti DL.L4 Antibodies.

Antibodies of the present invention may be made by any of
anumber of techniques known in the art. A preferred method
is PROfusion mRNA display technology as exemplified in
Example 2 herein. Another method is to immunize a trans-
genic rodent (e.g., a transgenic mouse) that carries a func-
tional complement of human immunoglobulin genes with
human DLIL4 or antigenic portion thereof followed by stan-
dard hybridoma technology to generate hybridomas that
express fully human monoclonal antibodies that bind human
DLL4. Recombinant human antibodies obtain by such a
method have variable and constant regions derived from
human germline immunoglobulin sequences. Such methods
provide fully human DLIL4 binding proteins and eliminate the
need to otherwise carry out one or more rounds of humaniza-
tion to reduce the sources of non-human antigenicity of the
monoclonal DLL4 antibody molecules. Accordingly, tech-
niques utilizing material from multiple species are less pre-
ferred but may be used.

Itis also noted that the term “monoclonal antibody” as used
herein is not limited to antibodies produced through hybri-
doma technology. The term “monoclonal antibody” refers to
an antibody that is derived from a single clone, including any
eukaryotic, prokaryotic, or phage clone, and not the method
by which it is produced.

Additional aspects of various techniques that may be
employed to obtain DLL4 monoclonal antibody molecules
according to the invention are described below.

1. Anti-DLL4 Monoclonal Antibodies Using Hybridoma
Technology.

Monoclonal antibodies can be prepared using a wide vari-
ety of techniques known in the art including the use of hybri-
doma, recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodies
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can be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et al.,
Antibodies: A Laboratory Manual, second edition, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, 1988);
Hammerling, et al., In Monoclonal Antibodies and T-Cell
Hybridomas, pages 563-681 (Elsevier, New York, 1981) (said
references incorporated by reference in their entireties).
Methods for producing and screening for specific antibodies
using hybridoma technology are routine and well known in
the art. In one embodiment, the present invention provides
methods of generating monoclonal antibodies as well as anti-
bodies produced by the method comprising culturing a hybri-
doma cell secreting an antibody of the invention wherein,
preferably, the hybridoma is generated by fusing splenocytes
isolated from a mouse immunized with an antigen of the
invention with myeloma cells and then screening the hybri-
domas resulting from the fusion for hybridoma clones that
secrete an antibody able to bind a polypeptide of the inven-
tion. Briefly, mice can be immunized with an DLI4 antigen.
In a preferred embodiment, the DLL4 antigen is administered
with a adjuvant to stimulate the immune response. Such adju-
vants include complete or incomplete Freund’s adjuvant,
RIBI (muramyl dipeptides) or ISCOM (immunostimulating
complexes). Such adjuvants may protect the polypeptide
from rapid dispersal by sequestering it in a local deposit, or
they may contain substances that stimulate the host to secrete
factors that are chemotactic for macrophages and other com-
ponents of the immune system. Preferably, if a polypeptide is
being administered, the immunization schedule will involve
two or more administrations of the polypeptide, spread out
over several weeks; however, a single administration of the
polypeptide may also be used.

After immunization of an animal with a DLL4 antigen,
antibodies and/or antibody-producing cells may be obtained
from the animal. An anti-DLI4 antibody-containing serum is
obtained from the animal by bleeding or sacrificing the ani-
mal. The serum may be used as it is obtained from the animal,
an immunoglobulin fraction may be obtained from the serum,
or the anti-DLI4 antibodies may be purified from the serum.
Serum or immunoglobulins obtained in this manner are poly-
clonal, thus having a heterogeneous array of properties.

Once an immune response is detected, e.g., antibodies
specific for the antigen DLL4 are detected in the mouse
serum, the mouse spleen is harvested and splenocytes iso-
lated. The splenocytes are then fused by well-known tech-
niques to any suitable myeloma cells, for example cells from
cell line SP20 available from the American Type Culture
Collection (ATCC, Manassas, Va., US). Hybridomas are
selected and cloned by limited dilution. The hybridoma
clones are then assayed by methods known in the art for cells
that secrete antibodies capable of binding DLL4. Ascites
fluid, which generally contains high levels of antibodies, can
be generated by immunizing mice with positive hybridoma
clones.

In another embodiment, antibody-producing immortalized
hybridomas may be prepared from the immunized animal.
After immunization, the animal is sacrificed and the splenic B
cells are fused to immortalized myeloma cells as is well
known in the art. See, e.g., Harlow and Lane, supra. In a
preferred embodiment, the myeloma cells do not secrete
immunoglobulin polypeptides (a non-secretory cell line).
After fusion and antibiotic selection, the hybridomas are
screened using DLL4, or a portion thereof, or a cell express-
ing DLL4. In a preferred embodiment, the initial screening is
performed using an enzyme-linked immunosorbent assay
(ELISA) or a radioimmunoassay (RIA), preferably an



US 9,132,190 B2

53
ELISA. An example of ELISA screening is provided in PCT
Publication No. WO 00/37504, incorporated herein by refer-
ence.

Anti-DLL4 antibody-producing hybridomas are selected,
cloned, and further screened for desirable characteristics,
including robust hybridoma growth, high antibody produc-
tion, and desirable antibody characteristics, as discussed fur-
ther below. Hybridomas may be cultured and expanded in
vivo in syngeneic animals, in animals that lack an immune
system, e.g., nude mice, or in cell culture in vitro. Methods of
selecting, cloning and expanding hybridomas are well known
to those of ordinary skill in the art.

In a preferred embodiment, hybridomas are mouse hybri-
domas, as described above. In another embodiment, hybrido-
mas are produced in a non-human, non-mouse species such as
rats, sheep, pigs, goats, cattle, or horses. In yet another pre-
ferred embodiment, the hybridomas are human hybridomas,
in which a human non-secretory myeloma is fused with a
human cell expressing an anti-DL.L4 antibody.

Antibody fragments that recognize specific epitopes may
be generated by known techniques. For example, Fab and
F(ab")2 fragments of the invention may be produced by pro-
teolytic cleavage of immunoglobulin molecules, using
enzymes such as papain (to produce Fab fragments) or pepsin
(to produce F(ab")2 fragments). F(ab")2 fragments contain the
variable region, the light chain constant region, and the CHI
domain of the heavy chain.

2. Anti-DLL4 Monoclonal Antibodies Using SLAM.

In another aspect of the invention, recombinant antibodies
are generated from single, isolated lymphocytes using a pro-
cedure referred to in the art as the selected lymphocyte anti-
body method (SLAM), as described in U.S. Pat. No. 5,627,
052; PCT Publication No. WO 92/02551; and Babcook et al.,
Proc. Natl. Acad. Sci. USA, 93: 7843-7848 (1996). In this
method, single cells secreting antibodies of interest, e.g.,
lymphocytes derived from any one of the immunized animals
described in Section 1.A.1 (above), are screened using an
antigen-specific hemolytic plaque assay, wherein the antigen
DLIL4, a subunit of DLL4, or a fragment thereof, is coupled to
sheep red blood cells using a linker, such as biotin, and used
to identify single cells that secrete antibodies with specificity
for DLL4. Following identification of antibody-secreting
cells of interest, heavy- and light-chain variable region
c¢DNAs are rescued from the cells by reverse transcriptase-
PCR (RT-PCR) and these variable regions can then be
expressed, in the context of appropriate immunoglobulin con-
stant regions (e.g., human constant regions), in mammalian
host cells, such as COS or CHO cells. The host cells trans-
fected with the amplified immunoglobulin sequences,
derived from in vivo selected lymphocytes, can then undergo
further analysis and selection in vitro, for example by panning
the transfected cells to isolate cells expressing antibodies to
DLL4. The amplified immunoglobulin sequences further can
be manipulated in vitro, such as by in vitro affinity maturation
method. See, for example, PCT Publication No. WO
97/29131 and PCT Publication No. WO 00/56772.

3. Anti-DLL4 Monoclonal Antibodies Using Transgenic Ani-
mals.

In another embodiment of the instant invention, antibodies
are produced by immunizing a non-human animal compris-
ing some, or all, of the human immunoglobulin locus with an
DLIL4 antigen. In a preferred embodiment, the non-human
animal is a XENOMOUSE® transgenic mouse, an engi-
neered mouse strain that comprises large fragments of the
human immunoglobulin loci and is deficient in mouse anti-
body production. See, e.g., Green et al., Nature Genetics, 7:
13-21(1994) and U.S. Pat. Nos. 5,916,771, 5,939,598; 5,985,
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615;5,998,209; 6,075,181; 6,091,001 6,114,598; and 6,130,
364. See also PCT Publication Nos. WO 91/10741; WO
94/02602; WO 96/34096; WO 96/33735; WO 98/16654; WO
98/24893; WO 98/50433; WO 99/45031; WO 99/53049; WO
00/09560; and WO 00/37504. The XENOMOUSE® trans-
genic mouse produces an adult-like human repertoire of fully
human antibodies, and generates antigen-specific human
monoclonal antibodies. The XENOMOUSE® transgenic
mouse contains approximately 80% of the human antibody
repertoire through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain loci
and x light chain loci. See Mendez et al., Nature Genetics, 15:
146-156 (1997), Green and Jakobovits, J. Exp. Med., 188:
483-495 (1998), the disclosures of which are hereby incor-
porated by reference.

4. Anti-DLL4 Monoclonal Antibodies Using Recombinant
Antibody Libraries.

In vitro methods also can be used to make the antibodies of
the invention, wherein an antibody library is screened to
identify an antibody having the desired DLL4-binding speci-
ficity. Methods for such screening of recombinant antibody
libraries are well known in the art and include methods
described in, for example, U.S. Pat. No. 5,223,409 (Ladner et
al.); PCT Publication No. WO 92/18619 (Kang et al.); PCT
Publication No. WO 91/17271 (Dower et al.); PCT Publica-
tion No. WO 92/20791 (Winter et al.); PCT Publication No.
WO 92/15679 (Markland et al.); PCT Publication No. WO
93/01288 (Breitling et al.); PCT Publication No. WO
92/01047 (McCafferty et al.); PCT Publication No. WO
92/09690 (Garrard et al.); Fuchs et al., Bio/Technology, 9:
1369-1372 (1991); Hay et al., Hum. Antibod. Hybridomas, 3:
81-85 (1992); Huse et al., Science, 246: 1275-1281 (1989);
McCafterty et al., Nature, 348: 552-554 (1990); Griffiths et
al., EMBO T, 12: 725-734 (1993); Hawkins et al., J. Mol.
Biol., 226: 889-896 (1992); Clackson et al., Nature, 352:
624-628 (1991); Gram et al., Proc. Natl. Acad. Sci. US4, 89:
3576-3580 (1992); Garrard et al., Bio/Technology, 9: 1373-
1377 (1991); Hoogenboom et al., Nucl. Acids Res., 19: 4133-
4137 (1991); Barbas et al., Proc. Natl. Acad. Sci. USA, 88:
7978-7982 (1991); US Patent Application Publication No.
2003/0186374; and PCT Publication No. WO 97/29131, the
contents of each of which are incorporated herein by refer-
ence.

The recombinant antibody library may be from a subject
immunized with DLL4, or a portion of DLL4. Alternatively,
the recombinant antibody library may be from a naive sub-
ject, i.e., one who has not been immunized with DLL4, such
as a human antibody library from a human subject who has
not been immunized with human DLL4. Antibodies of the
invention are selected by screening the recombinant antibody
library with the peptide comprising human DLI14 to thereby
select those antibodies that recognize DLL4. Methods for
conducting such screening and selection are well known in
the art, such as described in the references in the preceding
paragraph. To select antibodies of the invention having par-
ticular binding affinities for DLL4, such as those that disso-
ciate from human DLL4 with a particular K, rate constant,
the art-known method of surface plasmon resonance can be
used to select antibodies having the desired K, srate constant.
To select antibodies of the invention having a particular neu-
tralizing activity for hDLL4, such as those with a particular
1C,,, standard methods known in the art for assessing the
inhibition of DLL4 activity may be used.

Inoneaspect, the invention pertains to anisolated antibody,
or an antigen-binding portion thereof, that binds human
DLLA4. Preferably, the antibody is a neutralizing antibody. In
various embodiments, the antibody is a recombinant antibody
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or a monoclonal antibody. For example, the antibodies of the
present invention can also be generated using various phage
display methods known in the art. In phage display methods,
functional antibody domains are displayed on the surface of
phage particles which carry the polynucleotide sequences
encoding them. Such phage can be utilized to display antigen-
binding domains expressed from a repertoire or combinato-
rial antibody library (e.g., human or murine). Phage express-
ing an antigen binding domain that binds the antigen of
interest can be selected or identified with antigen, e.g., using
labeled antigen or antigen bound or captured to a solid surface
or bead. Phage used in these methods are typically filamen-
tous phage including fd and M13 binding domains expressed
from phage with Fab, Fv, or disulfide stabilized Fv antibody
domains recombinantly fused to either the phage gene III or
gene VIII protein. Examples of phage display methods that
can be used to make the antibodies of the present invention
include those disclosed in Brinkmann et al., J. Immunol.
Methods, 182: 41-50 (1995); Ames et al., J. Immunol. Meth-
ods, 184:177-186 (1995); Kettleborough et al., Eur. J. Immu-
nol., 24: 952-958 (1994); Persic et al., Gene, 187: 9-18
(1997); Burton et al., Advances in Immunology, 57: 191-280
(1994); PCT Publication No. WO 92/01047; PCT Publication
Nos. WO 90/02809; WO 91/10737, WO 92/01047, WO
92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and
U.S. Pat. Nos. 5,698,426, 5,223,409, 5,403,484, 5,580,717,
5,427,908, 5,750,753; 5,821,047, 5,571,698; 5,427,908,
5,516,637, 5,780,225; 5,658,727, 5,733,743, and 5,969,108;
each of which is incorporated herein by reference in its
entirety.

As described in the above references, after phage selection,
the antibody coding regions from the phage can be isolated
and used to generate whole antibodies including human anti-
bodies or any other desired antigen binding fragment, and
expressed in any desired host, including mammalian cells,
insect cells, plant cells, yeast, and bacteria, e.g., as described
in detail below. For example, techniques to recombinantly
produce Fab, Fab', and F(ab")2 fragments can also be
employed using methods known in the art such as those
disclosed in PCT publication No. WO 92/22324; Mullinax et
al., BioTechniques, 12(6): 864-869 (1992); Sawai et al., Am. J.
Reprod. Immunol., 34: 26-34 (1995); and Better et al., Sci-
ence, 240: 1041-1043 (1988) (said references incorporated by
reference in their entireties). Examples of techniques which
can be used to produce single-chain Fvs and antibodies
include those described in U.S. Pat. Nos. 4,946,778 and
5,258,498; Huston et al., Methods in Enzymology, 203: 46-88
(1991); Shu et al., Proc. Natl. Acad. Sci. US4, 90: 7995-7999
(1993); and Skerra et al., Science, 240: 1038-1041 (1988).

Alternative to screening of recombinant antibody libraries
by phage display, other methodologies known in the art for
screening large combinatorial libraries can be applied to the
identification of antibodies of the invention. One type of
alternative expression system is one in which the recombinant
antibody library is expressed as RNA-protein fusions, as
described in PCT Publication No. WO 98/31700 (Szostak and
Roberts), and in Roberts and Szostak, Proc. Natl. Acad. Sci.
US4, 94:12297-12302 (1997). In this system, a covalent
fusionis created between an mRNA and the peptide or protein
that it encodes by in vitro translation of synthetic nRNAs that
carry puromycin, a peptidyl acceptor antibiotic, at their 3'
end. Thus, a specific mRNA can be enriched from a complex
mixture of mRNAs (e.g., a combinatorial library) based on
the properties of the encoded peptide or protein, e.g., anti-
body, or portion thereof, such as binding of the antibody, or
portion thereof, to the dual specificity antigen. Nucleic acid
sequences encoding antibodies, or portions thereof, recov-
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ered from screening of such libraries can be expressed by
recombinant means as described above (e.g., in mammalian
host cells) and, moreover, can be subjected to further affinity
maturation by either additional rounds of screening of
mRNA-peptide fusions in which mutations have been intro-
duced into the originally selected sequence(s), or by other
methods for affinity maturation in vitro of recombinant anti-
bodies, as described above. A preferred example of this meth-
odology, is the PROfusion display technology employed in
the Examples (infra).

In another approach the antibodies of the present invention
can also be generated using yeast display methods known in
the art. In yeast display methods, genetic methods are used to
tether antibody domains to the yeast cell wall and display
them on the surface of yeast. In particular, such yeast can be
utilized to display antigen-binding domains expressed from a
repertoire or combinatorial antibody library (e.g., human or
murine). Examples of yeast display methods that can be used
to make the antibodies of the present invention include those
disclosed in U.S. Pat. No. 6,699,658 (Wittrup et al.) incorpo-
rated herein by reference.

B. Production of Recombinant DLL4 Antibodies

Antibodies of the present invention may be produced by
any of a number of techniques known in the art. For example,
expression from host cells, wherein expression vector(s)
encoding the heavy and light chains is (are) transfected into a
host cell by standard techniques. The various forms of the
term “transfection” are intended to encompass a wide variety
of techniques commonly used for the introduction of exog-
enous DNA into a prokaryotic or eukaryotic host cell, e.g.,
electroporation, calcium-phosphate precipitation, DEAE-
dextran transfection and the like. Although it is possible to
express the antibodies of the invention in either prokaryotic or
eukaryotic host cells, expression of antibodies in eukaryotic
cells is preferable, and most preferable in mammalian host
cells, because such eukaryotic cells (and in particular mam-
malian cells) are more likely than prokaryotic cells to
assemble and secrete a properly folded and immunologically
active antibody.

Preferred mammalian host cells for expressing the recom-
binant antibodies of the invention include Chinese Hamster
Ovary (CHO cells) (including dhfr— CHO cells, described in
Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216-
4220 (1980), used with a DHFR selectable marker, e.g., as
described in Kaufman and Sharp, J. Mol. Biol., 159: 601-621
(1982), NSO myeloma cells, COS cells, and SP2 cells. When
recombinant expression vectors encoding antibody genes are
introduced into mammalian host cells, the antibodies are
produced by culturing the host cells for a period of time
sufficient to allow for expression of the antibody in the host
cells or, more preferably, secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies
can be recovered from the culture medium using standard
protein purification methods.

Host cells can also be used to produce functional antibody
fragments, such as Fab fragments or scFv molecules. It will
be understood that variations on the above procedure are
within the scope of the present invention. For example, it may
be desirable to transfect a host cell with DNA encoding func-
tional fragments of either the light chain and/or the heavy
chain of an antibody of this invention. Recombinant DNA
technology may also be used to remove some, or all, of the
DNA encoding either or both of the light and heavy chains
that is not necessary for binding to the antigens of interest.
The molecules expressed from such truncated DNA mol-
ecules are also encompassed by the antibodies of the inven-
tion. In addition, bifunctional antibodies may be produced in
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which one heavy and one light chain are an antibody of the
invention and the other heavy and light chain are specific for
an antigen other than the antigens of interest by crosslinking
an antibody of the invention to a second antibody by standard
chemical crosslinking methods.

In a preferred system for recombinant expression of an
antibody, or antigen-binding portion thereof, of the invention,
a recombinant expression vector encoding both the antibody
heavy chain and the antibody light chain is introduced into
dhfr- CHO cells by calcium phosphate-mediated transfec-
tion. Within the recombinant expression vector, the antibody
heavy and light chain genes are each operatively linked to
CMV enhancer/AdMLP promoter regulatory elements to
drive high levels of transcription of the genes. The recombi-
nant expression vector also carries a DHFR gene, which
allows for selection of CHO cells that have been transfected
with the vector using methotrexate selection/amplification.
The selected transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and intact
antibody is recovered from the culture medium. Standard
molecular biology techniques are used to prepare the recom-
binant expression vector, transfect the host cells, select for
transformants, culture the host cells and recover the antibody
from the culture medium. Still further the invention provides
a method of synthesizing a recombinant antibody of the
invention by culturing a host cell of the invention in a suitable
culture medium until a recombinant antibody of the invention
is synthesized. The method can further comprise isolating the
recombinant antibody from the culture medium.

1. Anti-DLL4 Antibodies.

Amino acid sequences of VH and VL regions of isolated
fully human antibodies that bind human DIL4 are shown for
clones E9 and A10 in Table 4 (See, Examples, below). The
isolated anti-DLI4 antibody CDR sequences of the E9 and
A10 antibodies establish two novel families of DLL 4 binding
proteins, isolated in accordance with this invention, and com-
prising polypeptides that include the CDR sequences derived
from E9 and affinity matured clones thereof or derived from
A10 and affinity matured clones thereof. The variable regions
and CDRs of the E9 monoclonal antibody and affinity
matured derivatives thereof are listed in Tables 4, 8, 14, 18,
and 19. The variable regions and CDRs of the A10 mono-
clonal antibody and affinity matured derivatives thereof are
listed in Table 4, 9, and 10. To generate and to select CDRs for
binding proteins according to the invention having preferred
DLL4 binding and/or neutralizing activity with respect to
human DLI 4, standard methods known in the art for gener-
ating binding proteins of the present invention and assessing
the DLIL4 binding and/or neutralizing characteristics of those
binding protein may be used, including but not limited to
those specifically described herein.

Based on an alignment of the amino acid sequences of the
CDRs of the heavy chain variable regions (VH) and the light
chain variable regions (VL) of the anti-DLL4 antibody E9
clones described herein, the invention provides a DLLI.4 bind-
ing protein comprising an antigen binding domain capable of
binding human DLI 4, said antigen binding domain compris-
ing at least one or more CDRs selected from the group con-
sisting of

(SEQ ID NO:
X -Xy-X3-Xy-Xs5-Xg-X7,

99)
CDR-H1:

wherein;
X,is SorN;
X,is S, GorN;
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X518 S, N, T, GorR;
X,1isY;
XsisY orH;
X 1s W3 and
X, 15 G;

CDR-H2:

(SEQ ID NO:

PSR CE UEPCED P ORP.CED CED ST P STRS STRD SE iy

X14-Xi5-Xj60

wherein;

X, is D;

X,is1;
X5i8Y,N,orS;
X,18Y;
XsisT,N,A, [ SorR;
X18 G

X,is S,N, T or G;
Xgis T

X, 15Y;

Xi018Y;

X, 18 N;

X, 18 P;

X518 S;

X415 L;

X,s1s K; and
X618 S,N,DorG;

CDR-H3:

(SEQ ID NO:

Xl_X2_XS_X4_X5_X6_X7_X8_X9_X10_Xlll

wherein;

X,isE,Y,F,Q,W,L,orA;
X,isD,A,S,G,V,EorN;
X;isV,M,L,P orA;
X,is,A,PR,S,K,Q,V,G,MorE;
XsisL,Y,ForM;

XsisR, G, S,QorA

X, is G;

Xg,is G,AorS;

X518 S,A, L, V,RorG;
X018 D; and

X, 8YD,S,N,H,E,R,L,P,C,IM, T, Q, or K;

CDR-L1:

(SEQ ID NO:

Xy -Xy-X3-Xy-Xs5-Xg-X7-Xg-Xg-X10- %11,

wherein;

X, s S;

X, 18 G;

X515 Q,EorD;
X,isR, S,G,M,K,LorT;
Xs5is Ly

X18 G

X, isDorE;

Xs 15 K;

X5 18Y;
Xio1sAorV;and
X, 18 S;

CDR-L2:  X,-%,-X;-X,-X5-X¢-X,, (SEQ ID NO:

100)

101)

102)

103)
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wherein;
X,isEorQ;
X,is D;
X5isS,L, T,A,EorF;
X,isK, T,E,N,Q, S, or M;
X5is R;
X4 1is P; and
X,is §;
and

(SEQ ID NO:
X-%5-%3-Xy-Ks5-X6-X7-Xg-Xo,

104)
CDR-L3:

wherein;

X, 15 Qs

X,is A;

X,is W,

X,is Dy

X5isR, S, M, E, N, G, orK;

XsisDorE

X,isT,V,A,Sor M;

Xg1s G, A or C; and

Xsis V.

Preferably, a DLL4 binding protein comprising one or
more CDRs described above binds human (“hu”, “h”) DLL4
and also one or more DLL4 proteins selected from the group
consisting of: mouse (“murine”, “mu”) DLL4, cynomolgus
monkey (“cynomolgus”, “cyno”) DLIL4, and rat DLL4.

Based on an alignment of the amino acid sequences of the
CDRs of the heavy chain variable regions (VH) and the light
chain variable regions (VL) of the anti-DLL4 antibody A10
clones described herein, the invention provides a DLLI.4 bind-
ing protein comprising an antigen binding domain capable of
binding human DLI 4, said antigen binding domain compris-
ing at least one or more CDRs selected from the group con-
sisting of

CDR-H1: X1 -Xp-X3-X4-Xs, (SEQ ID NO: 105)

wherein;
X, 18 S, N, or D;
X,isHorY;
X,is W;
X, is M; and
X5is SorH;

CDR-H2:
(SEQ ID NO:
Xy -Xy-X3-Xy-X5-Xg-X7-Xg-Xg-Xy0-X1-X2-Xp3-

106)

Xia-Xys-Xi6-X17,

wherein;
X,is,D,M,orT;
X,isI;
X518 S;
X,isY, N, S, Q. V, T, H,or D;
X5is Dy
Xes1s Gy
X,i1sS,R, I, T, G,K, H,or N;
XgisN,Y, S, L, orT;
X, sK,M,N,Q,E, T,R, S,A,orL;
Xi1018Y, D,or E;
X, isSorY;
X518 A;
X518 Dy

60
X 418 S;
X515V
X618 K; and
X,,18 G;

(SEQ ID NO:
K =%y XK3-Xy-X5-X-X7-Kg-Kg-X o,

107)
CDR-H3:

wherein;
0
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X, isA;

X,is G, A, orR;
X518 G;

X,18 G, S, 0rA;
X5isN;
XsisVor M;

X, is G;

Xgis F, LY, or M;
X, is D; and
Xiois L, S,orL;

(SEQ ID NO:
Xy -Xy-%3-Xy-Xs-X6-X7-Xg-Xg-X10-Xy1,

108)
CDR-L1:

wherein;
X, s S;
X,is AorG;
X5 is D;
X,isK,N,L,Q, M, E, S, T, G, or D;
Xs5is Ly
X18 G
X,isT,S,N, A, G, or E;
Xgis K, Q, N,orR;
X5 18Y;
X,pisVorl;and
X, 18 S;

CDR-L2:  X,-%,-X3-X,-X5-X¢-X,, (SEQ ID NO: 109)

wherein;
X, 18 Q;
X, is D;
X5i8A,G, W, S,orD;
X s KoM, Q, N, L, T, I, or E;
X5isR;
X 1s P; and
X, isS;
and

(SEQ ID NO:
X -%5-%3-Xy-Ks5-X6-X7-Xg-Xo,

110)
CDR-L3:

wherein;

X,isQ;

X,isSorA;

X, is W;

X, 18 D;

X518R, S, Q, P AV, W, orM;

Xsi1s S, G, L N,R,or T

X,isDorGs

Xqis V, A, P, or E; and

Xyis V.

Preferably, a DLL4 binding protein comprising one or
more CDRs described above binds human (“hu”) DLL4 and
also cynomolgus monkey (“cynomolgus”, “cyno”) DLL4.
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2. Anti-DLL4 Chimeric Antibodies.

A chimeric antibody is a molecule in which different por-
tions of the antibody are derived from different animal spe-
cies, such as antibodies having a variable region derived from
amurine monoclonal antibody and a human immunoglobulin
constant region. See e.g., Morrison, Science, 229: 1202-1207
(1985); Oi et al., BioTechniques, 4: 214 (1986); Gillies et al.,
J. Immunol. Methods, 125: 191-202 (1989); U.S. Pat. Nos.
5,807,715, 4,816,567; and 4,816,397, which are incorporated
herein by reference in their entireties. In addition, techniques
developed for the production of “chimeric antibodies™ by
splicing genes from a mouse antibody molecule of appropri-
ate antigen specificity together with genes from a human
antibody molecule of appropriate biological activity can be
used. See, for example, Morrison et al., Proc. Natl. Acad. Sci.
US4, 81: 6851-6855 (1984); Neuberger et al., Nature, 312:
604-608 (1984); Takeda et al., Nature, 314: 452-454 (1985),
which are incorporated herein by reference in their entireties.
3. Anti-DLL4 CDR Grafted Antibodies.

The isolated anti-DLL4 antibody CDR sequences of the
invention may be used to make CDR-grafted antibodies to
modulate the properties of the original antibody. Such prop-
erties include but are not limited to binding kinetics, affinity,
biological activities, species cross-reactivity, molecule cross-
reactivity, epitope, physicochemical properties, pharmacoki-
netic properties, pharmacodynamic properties, or pharmaco-
logical properties. CDR-grafted antibodies comprise heavy
and light chain variable region sequences from a human anti-
body or a non-human primate antibody wherein one or more
of'the CDR regions of VH and/or VL are replaced with CDR
sequences of the original anti-DLL4 antibody. A framework
sequence from any human or non-human primate antibody
may serve as the template for CDR grafting. However,
straight chain replacement onto such a framework often leads
to some loss of binding affinity to the antigen. The more
homologous a human, or other species, antibody is to the
original human antibody, the less likely the possibility that
combining the CDRs with the new human framework or
non-human primate framework will introduce distortions in
the CDRs that could reduce affinity or other properties.
Therefore, it is preferable that the variable framework that is
chosen to replace the human variable region framework apart
from the CDRs has at least a 30% sequence identity with the
human antibody variable region framework. It is more pref-
erable that the variable region framework that is chosen to
replace the human variable region framework apart from the
CDRs has at least a 40% sequence identity with the human
antibody variable region framework. It is more preferable that
the variable region framework that is chosen to replace the
human variable framework apart from the CDRs has at least
a 50% sequence identity with the human antibody variable
region framework. It is more preferable that the variable
region framework that is chosen to replace the human variable
framework apart from the CDRs has at least a 60% sequence
identity with the human antibody variable region framework.
It is more preferable that the new human or non-human pri-
mate and the original human variable region framework apart
from the CDRs has at least 70% sequence identity. It is even
more preferable that the new human or non-human primate
and the original human variable region framework apart from
the CDRs has at least 75% sequence identity. It is most
preferable that the new human or non-human primate and the
original human variable region framework apart from the
CDRs has at least 80% sequence identity. Even using a highly
homologous human or non-human primate framework to
graft CDRs of the original human anti-DLL4 antibody, the
resulting grafted antibody may still lose binding affinity to
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antigen to some degree. In this case, to regain the affinity it is
necessary to include at least one or more key framework
residue(s) substitution of the original antibody to the corre-
sponding position of the newly grafted antibody. Such a key
residue may be selected from the group consisting of:

a residue adjacent to a CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with human DLL4

a canonical residue;

a contact residue between heavy chain variable region and

light chain variable region;

a residue within a Vernier zone; and

a residue in a region that overlaps between a Chothia-

defined variable heavy chain CDR1 and a Kabat-defined
first heavy chain framework.
4. Anti-DLL4 Humanized Antibodies.

While the compositions of the present invention eliminate
the requirement to make humanized antibodies, humanized
DLIL4 antibodies may be prepared using compositions of the
invention. Humanized antibodies are antibody molecules
from non-human species antibody that binds the desired anti-
gen having one or more complementary determining regions
(CDRs) from the non-human species and framework regions
from a human immunoglobulin molecule. Known human Ig
sequences are disclosed at web sites available via the world
wide web (www.), e.g., ncbi.nlm.nih.gov/entrez/query.fegi;
atcc.org/phage/hdb.html; sciquest.com/; abcam.cony/; anti-
bodyresource.com/onlinecomp.html; public.iastate.
edu/.about.pedro-/research_tools.html; mgen.uniheidel-
berg.de/SD/IT/IT . html; whfreeman.com/immunology-/
CHO5/kuby05.htm; library.thinkquest.org/12429/Immune/
Antibody.html; hhmi.org/grants/lectures/1996/vlab/; path.-
cam.ac.uk/.about.mrc7/mikeimages.html;
antibodyresource.com/; mcb.harvard.edu/Biolinks-/Immu-
nology.html;  immunologylink com/; pathbox.wustl.
edu/.about.hcenter/index.html; bio-tech.ufl.edu/.about.hcl/;
pebio.com/pa/340913-/340913.html; nal.usda.gov/awic/
pubs/antibody/; m.ehimeu.acjp/.about.yasuhito-/Elisa.html;
biodesign.com/table.asp; icnet.uk/axp/facs/davies/lin-ks.h-
tml; biotech.ufl.edu-/.about.fecl/protocol.html; isac-net.org/
sites_geo.html; aximtl.imt.uni-marburg.de/.about.rek/AEP-
Start.html; baserv.uci.kun.nl/.about jraats/links1.html;
recab.uni-hd.de/immuno.bme.nwu.edw/; mre-cpe.cam.ac.uk/
imt-doc/public/INTRO.html; ibt.unam.mx/-vir/V_
mice.html; imgt.cnusc.{r:8104/; biochem.ucl.ac.uk/.
about.martin/abs/index.html; antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html; unizh.ch/.
about.honegger/ AHO-seminar/Slide01.html; cryst.b-
bk.ac.uk/.about. ubcg07s/; nimr.mrec.ac.uk/CC/ccaewg/ccae-
wg.htm; path.cam.ac.uk/.about.mrc7/ humanisation/TAHH-
Phtml; ibt.unam.mx/vir/structure/stat_aim.-html;
biosci.missouri.edu/smithgp/index.html; cryst.bioc.ca-
m.ac.uk/.about.fmolina/Webpages-/Pept/spottech.html;
jerini.de/frroducts.htm; patents.ibm.com/ibm.html. Kabat et
al., Sequences of Proteins of Immunological Interest, U.S.
Dept. Health (1983), each entirely incorporated herein by
reference. Such imported sequences can be used to reduce
immunogenicity or reduce, enhance or modify binding, affin-
ity, on-rate, off-rate, avidity, specificity, half-life, or any other
suitable characteristic, as known in the art.

Framework residues in the human framework regions may
be substituted with the corresponding residue from the CDR
donor antibody to alter, preferably improve, antigen binding.
These framework substitutions are identified by methods well
known in the art, e.g., by modeling of the interactions of the
CDR and framework residues to identify framework residues



US 9,132,190 B2

63

important for antigen binding and sequence comparison to
identify unusual framework residues at particular positions.
(See, e.g., U.S. Pat. No. 5,585,089 (Queen et al.); Riechmann
et al., Nature, 332: 323-327 (1988), which are incorporated
herein by reference in their entireties.) Three-dimensional
immunoglobulin models are commonly available and are
familiar to those skilled in the art. Computer programs are
available which illustrate and display probable three-dimen-
sional conformational structures of selected candidate immu-
noglobulin sequences. Inspection of these displays permits
analysis of the likely role of the residues in the functioning of
the candidate immunoglobulin sequence, i.e., the analysis of
residues that influence the ability of the candidate immuno-
globulin to bind its antigen. In this way, FR residues can be
selected and combined from the consensus and import
sequences so that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is achieved. In
general, the CDR residues are directly and most substantially
involved in influencing antigen binding. Antibodies can be
humanized using a variety of techniques known in the art,
such as but not limited to those described in Jones et al.,
Nature, 321: 522-525 (1986); Verhoeyen et al., Science, 239:
1534-1536 (1988), Sims et al., J. Immunol., 151: 2296-2308
(1993); Chothia and Lesk, J. Mol. Biol., 196: 901-917 (1987),
Carter et al., Proc. Natl. Acad. Sci. USA, 89: 4285-4289
(1992); Presta et al., J. Immunol., 151: 2623-2632 (1993),
Padlan, E. A., Molecular Immunology, 28(4/5): 489-498
(1991); Studnicka et al., Protein Engineering, 7(6): 805-814
(1994); Roguska. et al., Proc. Natl. Acad. Sci. USA, 91:969-
973 (1994); PCT Publication Nos. WO 91/09967, WO
99/06834 (PCT/US98/16280), WO 97/20032 (PCT/US96/
18978), WO 92/11272 (PCT/US91/09630), WO 92/03461
(PCT/US91/05939), WO 94/18219 (PCT/US94/01234), WO
92/01047 (PCT/GB91/01134), WO 93/06213 (PCT/GB92/
01755), W090/14443, WO090/14424, and WO090/14430;
European Publication Nos. EP 0 592 106, EP 0 519 596, and
EP 0 239 400; U.S. Pat. Nos. 5,565,332; 5,723,323; 5,976,
862;5,824,514,5,817,483; 5,814,476, 5,763,192; 5,723,323,
5,766,886; 5,714,352; 6,204,023; 6,180,370; 5,693,762
5,530,101; 5,585,089; 5,225,539; and 4,816,567, each
entirely incorporated herein by reference, included refer-
ences cited therein.

C. Production of Antibodies and Antibody-Producing Cell
Lines.

Preferably, anti-DLL4 antibodies of the present invention
exhibit a high capacity to reduce or to neutralize tumor angio-
genesis activity, e.g., as assessed by any one of several in vitro
and in vivo assays known in the art. Evaluating the neutral-
ization of activity of DLL4 can be assessed via several in vitro
and in vivo assays know in the art. Exemplary parameters for
assessing neutralization of DLL4 activity include, but are not
limited to, antibodies that inhibit DLL4 interaction with the
Notch receptor, and/or Notch-signaling pathway with an IC,,
values of about at least 10-%M; at least 10~7 M, or at least 10~%
M.

Preferably, anti-DLL4 antibodies of the present invention
also exhibit a high capacity to reduce or to neutralize DLL4
activity.

In preferred embodiments, the isolated antibody, or anti-
gen-binding portion thereof, binds human DLL4, wherein the
antibody, or antigen-binding portion thereof, dissociates from
human DLL4 with aK,, rate constant of about 0.1 s! orless,
as determined by surface plasmon resonance, or which inhib-
its DLL4 and/or human DLIL4 activity with an IC;,, of about
1x107°M or less. Alternatively, the antibody, or an antigen-
binding portion thereof, may dissociate from human DL.I4
with a K, rate constant of about 1x1072 57! or less, as deter-

10

15

20

25

30

35

40

45

50

55

60

65

64

mined by surface plasmon resonance, or may inhibit human
DLL4 and/or human DLL4 activity with an ICs, of about
1x1077 M or less. Alternatively, the antibody, or an antigen-
binding portion thereof, may dissociate from human DLL4
with a K, srate constant of about 1x1073 57! or less, as deter-
mined by surface plasmon resonance, or may inhibit human
DLL4 with an IC,,, of about 1x107%M or less. Alternatively,
the antibody, or an antigen-binding portion thereof, may dis-
sociate from human DLL4 with a K, - rate constant of about
1x10™* 57! or less, as determined by surface plasmon reso-
nance, or may inhibit DLL4 activity with an ICs, of about
1x10°M or less. Alternatively, the antibody, or an antigen-
binding portion thereof, may dissociate from human DLL4
with aK, - rate constant of about 1x107° 57! or less, as deter-
mined by surface plasmon resonance, or may inhibit DL.L4
and/or human DLL4 activity with an IC, of about 1x107°M
or less. Alternatively, the antibody, or an antigen-binding
portion thereof, may dissociate from human DLL4 witha K~
rate constant of about 1x107> s7! or less, as determined by
surface plasmon resonance, or may inhibit DLL4 and/or
human DLL4 activity with an IC, of about 1x107*'M or less.

In certain embodiments, the antibody comprises a heavy
chain constant region, such as an IgG1, 1gG2, 1gG3, 1gG4,
IgA, IgE, IgM, or IgD constant region. Preferably, the heavy
chain constant region is an IgG1 heavy chain constant region
or an IgG4 heavy chain constant region. Furthermore, the
antibody can comprise a light chain constant region, either a
kappa light chain constant region or a lambda light chain
constant region. Preferably, the antibody comprises a kappa
light chain constant region. Alternatively, the antibody por-
tion can be, for example, a Fab fragment or a single chain Fv
fragment.

Replacements of amino acid residues in the Fc portion to
alter antibody effector function are known in the art (see, U.S.
Pat. Nos. 5,648,260 and 5,624,821 (Winter et al.)). The Fc
portion of an antibody mediates several important effector
functions e.g. cytokine induction, ADCC, phagocytosis,
complement dependent cytotoxicity (CDC), and half-life/
clearance rate of antibody and antigen-antibody complexes.
In some cases these effector functions are desirable for thera-
peutic antibody but in other cases might be unnecessary or
even deleterious, depending on the therapeutic objectives.
Certain human IgG isotypes, particularly I1gG1 and 1gG3,
mediate ADCC and CDC via binding to FcyRs and comple-
ment C1gq, respectively. Neonatal Fc receptors (FcRn) are the
critical components determining the circulating half-life of
antibodies. In still another embodiment at least one amino
acid residue is replaced in the constant region of the antibody,
for example the Fc region of the antibody, such that effector
functions of the antibody are altered.

One embodiment provides a labeled binding protein
wherein an antibody or antibody portion of the invention is
derivatized or linked to another functional molecule (e.g.,
another peptide or protein). For example, a labeled binding
protein of the invention can be derived by functionally linking
an antibody or antibody portion of the invention (by chemical
coupling, genetic fusion, noncovalent association or other-
wise) to one or more other molecular entities, such as another
antibody (e.g., a bispecific antibody or a diabody), a detect-
able agent, a cytotoxic agent, a pharmaceutical agent, and/or
aprotein or peptide that can mediate associate of the antibody
or antibody portion with another molecule (such as a strepta-
vidin core region or a polyhistidine tag).

Useful detectable agents with which an antibody or anti-
body portion of the invention may be derivatized include
fluorescent compounds. Exemplary fluorescent detectable
agents include fluorescein, fluorescein isothiocyanate,
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rhodamine, 5-dimethylamine-1-napthalenesulfonyl chloride,
phycoerythrin and the like. An antibody may also be deriva-
tized with detectable enzymes, such as alkaline phosphatase,
horseradish peroxidase, glucose oxidase and the like. When
an antibody is derivatized with a detectable enzyme, it is
detected by adding additional reagents that the enzyme uses
to produce a detectable reaction product. For example, when
the detectable agent horseradish peroxidase is present, the
addition of hydrogen peroxide and diaminobenzidine leads to
a colored reaction product, which is detectable. An antibody
may also be derivatized with biotin, and detected through
indirect measurement of avidin or streptavidin binding.

Another embodiment of the invention provides a crystal-
lized DLL4 binding protein. Preferably, the invention relates
to crystals of DLL4 binding proteins described herein, includ-
ing whole anti-DLL4 antibodies, fragments thereof, as well
as antibody constructs and binding protein conjugates (in-
cluding antibody conjugates) as disclosed herein, and formu-
lations and compositions comprising such crystals. In one
embodiment, the crystallized binding protein has a greater
half-life in vivo than the soluble counterpart of the binding
protein. In another embodiment the binding protein retains
biological activity after crystallization. Crystallized binding
proteins of the invention may be produced according methods
known in the art and as disclosed in PCT Publication No. WO
02/72636, incorporated herein by reference.

Another embodiment of the invention provides a glycosy-
lated binding protein wherein the antibody or antigen-binding
portion thereof comprises one or more carbohydrate residues.
Nascent in vivo protein production may undergo further pro-
cessing, known as post-translational modification. In particu-
lar, sugar (glycosyl) residues may be added enzymatically, a
process known as glycosylation. The resulting proteins bear-
ing covalently linked oligosaccharide side chains are known
as glycosylated proteins or glycoproteins. Protein glycosyla-
tion depends on the amino acid sequence of the protein of
interest, as well as the host cell in which the protein is
expressed. Different organisms may produce different glyco-
sylation enzymes (e.g., glycosyltransferases and glycosi-
dases), and have different substrates (nucleotide sugars)
available. Due to such factors, protein glycosylation pattern,
and composition of glycosyl residues, may differ depending
on the host system in which the particular protein is
expressed. Glycosyl residues useful in the invention may
include, but are not limited to, glucose, galactose, mannose,
fucose, n-acetylglucosamine and sialic acid. Preferably the
glycosylated binding protein comprises glycosyl residues
such that the glycosylation pattern is human.

It is known to those skilled in the art that differing protein
glycosylation may result in differing protein characteristics.
For instance, the efficacy of a therapeutic protein produced in
a microorganism host, such as yeast, and glycosylated utiliz-
ing the yeast endogenous pathway may be reduced compared
to that of the same protein expressed in a mammalian cell,
such as a CHO cell line. Such glycoproteins may also be
immunogenic in humans and show reduced half-life in vivo
after administration. Specific receptors in humans and other
animals may recognize specific glycosyl residues and pro-
mote the rapid clearance of the protein from the bloodstream.
Other adverse effects may include changes in protein folding,
solubility, susceptibility to proteases, trafficking, transport,
compartmentalization, secretion, recognition by other pro-
teins or factors, antigenicity, or allergenicity. Accordingly, a
practitioner may prefer a therapeutic protein with a specific
composition and pattern of glycosylation, for example gly-
cosylation composition and pattern identical, or at least simi-
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lar, to that produced in human cells or in the species-specific
cells of the intended subject animal.

Expressing glycosylated proteins different from that of a
host cell may be achieved by genetically modifying the host
cell to express heterologous glycosylation enzymes. Using
techniques known in the art a practitioner may generate anti-
bodies or antigen-binding portions thereof exhibiting human
protein glycosylation. For example, yeast strains have been
genetically modified to express non-naturally occurring gly-
cosylation enzymes such that glycosylated proteins (glyco-
proteins) produced in these yeast strains exhibit protein gly-
cosylation identical to that of animal cells, especially human
cells (US Patent Application Publication Nos. 2004/0018590
and 2002/0137134).

Further, it will be appreciated by one skilled in the art that
a protein of interest may be expressed using a library of host
cells genetically engineered to express various glycosylation
enzymes, such that member host cells of the library produce
the protein of interest with variant glycosylation patterns. A
practitioner may then select and isolate the protein of interest
with particular novel glycosylation patterns. Preferably, the
protein having a particularly selected novel glycosylation
pattern exhibits improved or altered biological properties.
D. Uses of DLL4 Binding Proteins.

Given their ability to bind to human DLIL4 and murine
DLL4, the DLL4 binding proteins described herein, includ-
ing antibodies and portions thereof, can be used to detect or
measure DLL4 in a sample (e.g., in a mixture, solution, or
biological sample, such as blood, serum, or plasma), using
any of the conventional immunoassays known in the art, such
as an enzyme linked immunosorbent assays (ELISA), a radio-
immunoassay (RIA), or a tissue immunohistochemistry. The
invention provides a method for detecting human DLIL4 and/
or murine DLL4 in a sample comprising contacting a sample
with a DLL4 binding protein and detecting either the DL.L4
binding protein bound to human DLI4 and/or murine DL.L4
or the unbound binding protein to thereby detect human
DLL4 and/or murine DLL4 in the sample. A DLL4 binding
protein described herein can be directly or indirectly labeled
with a detectable substance to facilitate detection of the bound
or unbound DLL4 binding protein. Suitable detectable sub-
stances include various enzymes, prosthetic groups, fluores-
cent materials, luminescent materials and radioactive mate-
rials. Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, [3-galactosidase, or acetyl-
cholinesterase; examples of suitable prosthetic group com-
plexes include streptavidin/biotin and avidin/biotin;
examples of suitable fluorescent materials include umbellif-
erone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phy-
coerythrin; an example of a luminescent material includes
luminol; and examples of suitable radioactive material
include 3H, 14C, 358, 99Y, QQTC, lllln, 1251, 1311, 177Lu, 166H0’
or 1*3Sm.

Biological samples that can be assayed for DLL4 include
urine, feces, blood, serum, plasma, perspiration, saliva, oral
swab (cheek, tongue, throat), vaginal swab, rectal swab, der-
mal swab, dermal scrape, tissue biopsy, as well as any other
tissue sample that can be obtained by methods available in the
art.

Alternative to labeling the binding protein, human DLL4
can be assayed in biological fluids by a competition immu-
noassay utilizing recombinant human (rh) DLL4 standards
labeled with a detectable substance and an unlabeled DLL4
binding protein described herein. In this assay, the biological
sample, the labeled rhDL1 4 standards, and the DLL4 binding
protein are combined and the amount of labeled rhDLL4
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standard bound to the unlabeled binding protein is deter-
mined. The amount of human DLL4 in the biological sample
is inversely proportional to the amount of labeled rhDLL4
standard bound to the DLL4 binding protein. Similarly,
human DLL4 can also be assayed in biological fluids by a
competition immunoassay utilizing rhDLL4 standards
labeled with a detectable substance and an unlabeled DLL4
binding protein described herein.

The DLL4 binding proteins of the invention preferably are
capable of neutralizing DLL4 activity, in particular hDLL4
activity, both in vitro and in vivo. Accordingly, such binding
proteins of the invention can be used to inhibit DLL4 activity,
e.g., in a cell culture containing DILL4, in human subjects, or
in other mammalian subjects expressing a DLIL4 with which
a binding protein of the invention cross-reacts. In one
embodiment, the invention provides a method for inhibiting
DLIL4 activity comprising contacting a DLLL4 with a DLL4
antibody or antibody portion of the invention such that DL.L4
activity is inhibited. For example, in a cell culture containing
or suspected of containing DILL4, an antibody or antibody
portion of the invention can be added to the culture medium to
inhibit DLL4 activity in the culture.

In another embodiment, the invention provides a method
for reducing DLIL4 activity in a subject, advantageously from
a subject suffering from a disease or disorder in which DL.L4
or DLL4 activity is detrimental. The invention provides meth-
ods for reducing DLI4 or DLIL4 activity in a subject suffering
from such a disease or disorder, which method comprises
administering to the subject a DLL4 binding protein of the
invention such that DLLL4 or DLL4 activity in the subject is
reduced. Preferably, the DLL4 is human DLL4, and the sub-
ject is a human subject. Alternatively, the subject can be a
mammal expressing a DLIL4 to which a DLL4 binding protein
of'the invention is capable of binding. Still further, the subject
can be a mammal into which DLL4 has been introduced (e.g.,
by administration of DLL4 or by expression of a DLL4 trans-
gene). An antibody or other DLL4 binding protein of the
invention can be administered to a human subject for thera-
peutic purposes. Moreover, a DLLL4 binding protein of the
invention can be administered to a non-human mammal
expressing a DLL4 with which the binding protein is capable
of binding for veterinary purposes or as an animal model of
human disease. Regarding the latter, such animal models may
be useful for evaluating the therapeutic efficacy of antibodies
and other DLL4 binding proteins of the invention (e.g., test-
ing of dosages and time courses of administration).

Asused herein, the term “a disorder in which DLL4 and/or
Notch signaling activity is detrimental” is intended to include
diseases, such as cancer, and other disorders in which the
presence of DLI4 and/or Notch signaling activity in a subject
suffering from the disorder has been shown to be or is sus-
pected of being either responsible for the pathophysiology of
the disorder or a factor that contributes to a worsening of the
disorder. Accordingly, a disorder in which DLIL4 and/or
Notch signaling activity is detrimental is a disorder in which
alteration of DLL4 and/or Notch signaling activity is
expected to alleviate the symptoms and/or progression of the
disorder (e.g., tumor growth). Such disorders may be evi-
denced, for example, by an increase in angiogenesis in a
subject suffering from the disorder (e.g., an increase in the
concentration of various proteins known in the art to increase
in serum, plasma, synovial fluid, etc., of the subject during
tumor growth and formation), which can be detected, for
example, using an anti-DLL4 antibody as described above.
Non-limiting examples of disorders that can be treated with
the antibodies of the invention include those disorders dis-
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cussed in the section below pertaining to pharmaceutical
compositions of the antibodies of the invention.
II. Pharmaceutical Compositions.

The invention also provides pharmaceutical compositions
comprising a DLL4 binding protein of the invention and a
pharmaceutically acceptable carrier. The pharmaceutical
compositions comprising DLL4 binding proteins of the
invention are for use in, but not limited to, diagnosing, detect-
ing, or monitoring a disorder; in preventing, treating, manag-
ing, or ameliorating a disorder or one or more symptoms
thereof; and/or in research. In a specific embodiment, a com-
position comprises one or more DLI4 binding proteins of the
invention. In another embodiment, the pharmaceutical com-
position comprises one or more binding proteins of the inven-
tion and one or more prophylactic or therapeutic agents other
than binding proteins of the invention for treating a disorder in
which DLL4 and/or DLI4 activity is detrimental. Preferably,
the prophylactic or therapeutic agents known to be useful for
or having been or currently being used in the prevention,
treatment, management, or amelioration of a disorder, such as
cancer or a tumor, or one or more symptoms thereof. In
accordance with these embodiments, the composition may
further comprise of a carrier, diluent, or excipient.

The binding proteins of the invention can be incorporated
into pharmaceutical compositions suitable for administration
to a subject. Typically, the pharmaceutical composition com-
prises a DLL4 binding protein (or DLL4 binding portion
thereof) of the invention and a pharmaceutically acceptable
carrier. As used herein, “pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compat-
ible. Examples of pharmaceutically acceptable carriers
include one or more of water, saline, phosphate buffered
saline, dextrose, glycerol, ethanol and the like, as well as
combinations thereof. In many cases, it will be preferable to
include isotonic agents, for example, sugars, polyalcohols
such as mannitol, sorbitol, or sodium chloride in the compo-
sition. Pharmaceutically acceptable carriers may further
comprise minor amounts of auxiliary substances such as wet-
ting or emulsifying agents, preservatives or buffers, which
enhance the shelf life or effectiveness of the antibody or
antibody portion.

Various delivery systems are known and can be used to
administer one or more DLL4 binding proteins of the inven-
tion or the combination of one or more binding proteins of the
invention and a prophylactic agent or therapeutic agent useful
for preventing, managing, treating, or ameliorating a disorder
orone or more symptoms thereof, e.g., reducing tumor angio-
genesis, encapsulation in liposomes, microparticles, micro-
capsules, recombinant cells capable of expressing the DLL4
binding protein, receptor-mediated endocytosis (see, e.g., Wu
and Wu, J. Biol. Chem., 262: 4429-4432 (1987)), construction
of a nucleic acid as part of a retroviral or other vector, etc.
Methods of administering a prophylactic or therapeutic agent
of the invention include, but are not limited to, parenteral
administration (e.g., intradermal, intramuscular, intraperito-
neal, intravenous and subcutaneous), epidural administra-
tion, intratumoral administration, and mucosal administra-
tion (e.g., intranasal and oral routes). In addition, pulmonary
administration can be employed, e.g., by use of an inhaler or
nebul